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TECHNICAL REQUIREMENTS

System Engineering Requirements
Engineering Design Reports
Modification Data '
Drawings
Drawing Index
Data Book
End Item Detail Specification
Specification Maintenance
Interface Control Documents
Interface Revision Notice
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Design and Development Requirements -

General Design Requlrements-
Operability

1 Reliability-

2 Maintainabilicy

2.1  Accegsibility

.3 Useful Life

4 Natural Environment

5

6

7

7.

NN
*

OO (e A=A e AR v W o N e A e AR e B e B o AR e

i

.1
1.

o O
Nl\)

L]
|—'r--'
1—-‘!—-‘

Transportability

Human Performance

Safety
1 Personnel Safety
2 Equipment Safety -
.7.2.1 Equipment High Temperature Warning
8 Dangerous Materials and Components
9 Induced Environment
.9.1 Operating Environment o .
2 Conditioned Air - * *
3  Acoustics : . _

.2  Facility Interface

2.1 Product Configuration

2 Power Requirements

3 cCabling Requirements

4  Air-Conditioned Requirements
5 Facility Layout

6.2.1.3 Design and Construction Standards
6.2.1.3.1 General Design Features
6.2.1.3.1.1 Human Engineering '

2 Electrical Requirements

6 2.1 Electric Motors
2 Wiring
2.

6.2.1.3.1.2. Electrical Connections
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Moisture and Fungus Resistance

o

Solderless Type Terminals
Access Wire Holes
Wire Runs
Metallic Shielded Wire Runs
Spare Receptable Contacts and Terminals
Maximum Terminal Point Connections
Ammeter Shunts
Terminal Strips
Cabllng
10 Cable Groupxng
11 Use of Conduit or Zipper Tubing
12 Conduit Fitting or Connectors
13 Size of Conduit
14 Slack
15 Wiring Practices
16 1Insulating Tubing
17 Grounding
Mechanical
Selection of Specifications and Standards

[
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1
2
3 Materials, Parts and Processes
3

Noncritical Materials
Nonmetals .

Flame-Resistant Materials
Dissimilar Metals

Gearing

Finishes and Protective Coatxng
Crew Stations

Standard and Commercial Parts

Commercial Utility Parts

Corrosion of Metal Parts
Interchangeability and Replaceablllty

Workmanship
Electromagnetic Interference

Identification and Marklngs
Cautionary Marking
Wiring.
Transformer Comnections
Control Panels
Electronic Parts Identlflcatlon
ftware Design
Simulator System Software
Sirulated Shuttle Systems Software
Structure '

~Training Configurations
Modifications
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6.2.1.4.4 Simulator Modes
6.2.1.4.4,1 Reset
2 Freeze
3 Operate
6.2.1.4.4.3. Real Time

1
2 Slow Time
3 Fast Time
- 6.2.1.4.4.4 Step-Ahead
5 Training Modes
6.2.1.4.4.5.1 liotion Base Crew Station (MBCS)
2 Fixed Base Crew Station (FBCS)
3 SMS MBCS/FBCS Integrated :
4 MCC Integrated
6.2.1.4.4.6 Telemetry, Digital Command System and Trajectory Interface
7 Simulated Malfunctions
8 I0S Crew Station Display

6.2.2 Work Breakdown Structure/CEI Organization

Crew Station Requirements (WBS#1.1.1 and 2 1.1)
Crew Station Hardware

.1 General Description

1.1  Motion Based Crew Station (MBCS)

2 Fixed Base Crew Station (FBCS)

Cockpit Envelopes

Lighting

Interior Fidelity
Pilot/Commander Seats

Ingress/Egress

Environment

Stowage o

Layout Model e
Controls & Display Hardware

1  General Requirements

2 Console/Panel/Component

3 Control Tolerances

4

4

L
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Display Tolerances
1  Analog and Digital Display Response Tolerances
2 Meter Display Tolerances
6.2.3.2.5 Computer Control
6 Lighting
7  CRT Displays
8 Flight Controls
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Instructor-Operator Stations (WBS 1.1.2 & 2.1.2)
Motion Based Simulator IOS '

1 Dedicated Displays

1.1 Hand Controller Indicator

.2 CRT Display/Keyboard Units

2.1 Event Time Monitor

.2 Panel Displays

2.1 Parallel Switch Operation

.2 Parameter Display Override
Erergy Management Predictor Display

4 Malfunction Insertion and Display

5 Circuit Breaker Status

6 Crew Station Setup Verification Display

.7 Active Malfunctions and Tripped Circuit Breakers

8

9
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Mission Parameters and Summary Display
Interface Data Stream and Telemetry Monitoring

6.2.4.1.2. Uplink Command Input Page (UCIP)

.1

2 Upliank Coumand Sunmary Page
3  Telemetry Monitoring Page
&4
5

Telemetry Malfunction Insertion Page
Interface Buffer Monitor

.
-
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6.2.4.1.2.10 Enroute and Approach Display
6.2.4,1.2.10.1 Enroute Mode
.2 Approach Mode

6.2.4.1.2.11 In-Flight Refueling Page
6.2.4.1.3 Simulator Control and Display
6.2.4.1.3.1 Simulator Status :

.2 Operate Controls
6.2.4.1.3.2. Automatic Freeze Disable Control

Freeze Control

Reset Control
Write-Reset Control
Step-Ahead Control
Safe-Store Control
Motion System Controls
Visual Control
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6.2.4.1.3.3 Record/Playback

.4 Communications Control
.5 Lighting/Sound Controls
.6 Graphic Control

7 Monitor Select

8

Console Speaker

1.4 In-Cockpit Instructor Station
.I.5 Telemetry Operator Station
1.5 CRT Display Keyboard Unit
Station Controls
ixed-Base Simulator I0S Complex
1 Commander-Pilot I0S
.2  Orbital Maneuvering Station 10S
2.1 CRT Display/Keyboard Units
.2 Dedicated Instruments
.3 Simulator Contrel and Display
.3 Mission Specialist/Payload Specialist 10S
3.1 CRT Display/Keyboard Uait
2 Dedicated Displays
.3 Simulator Control
4.3 Simulator Status
A4 Layout Mockup
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Ancillary Equipment (WBS#1.1.3 & 2.1.3)
Aural Cue System '

1  Cue Requirements

2 Operational Features

3 Test Features

4 Update Capability

.2 Simulator Power lardware
2.1 General
2  Circuit Design
2 Utility Power

Elapsed Time Indicators
entral Timing Equipment (CTE)
1 CTE Function and Operating Modes
2 GFP Signals : :
3 Synchronization Requirements
3

N

6.2.5.3.3.1 SMS/MCC Integrated Mode of Operation
2  Internal SMS Synchronization
6.2.5.4 Hydraulic System Hardware
6.2.5.5 Interface Cabinets
6.2.5.6 Intercommunications
6.2.5.7 Cabling
6.2.5.8 External Signal Interface :
6.2.5.8.1 Motion Base Crew Station Simulator Signal Interface
6.2.5.8.1.1 MBCS/DCU Interfaces
6.2.5.8.1.1.1 GSSC-to-SMS Command Data Interface

.2 SMS/DCU/GSSC - Block I, Trajectory Data Interface
. 3 sMS/GSSC - Block II, Telemetry Data Interface
6.2.5.8.1.2 MBCS Audio Communications Interfaces
3  MBCS Central Timing Equipment Interface
6.2.5.8.2 Fixed Base Crew Station Simulator Signal Interfaces
3 External Interface Software
4 Interface Control Document Requirements

o t

On-Board Computer Simulation (WBS#L.1.5, 2.1.5, 1.2.8 & 2.2.8)
Data Processing and Software (DP&S) -
Fidelity
GFP Integration
Flight Software
Loading
Moding
Update
Diagnostics
Interface
Debugging Tools/Equipment
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6.2.6.1.10 Synchronization
11 Reset Requirements
12 Redundancy Requirements
13 Simulated Malfunctions |
Main Engine Controller Assemblies and Interface Systems

.1 TFidelity

6.2.7 Simulation Computation Complex (WBS#Ll.8 and 2.8)

Digital Conversion Equipment (WBS#1.1.3 and 2.1.3)
Devices
1 Computer Side
2 Simulator Side
2 DCE System Spare Capacity
3 DCE System Growth Capability
4 Resl-Time Interface Equipment Diagnostics
4.1 Discrete Input and Output Test
W2 Auialog Isput and Qutput Test
Visual System (WBS#1.1.4 and 2.1.4)
1 General
.1.1 Display
1.1.1 Forward Crew Station
2 Aft Crew Station
3 TV Monitors
1.2 Image Generators
2 Visual Performance Characteristics
2.1 General
.2 Display
2.1 Forward Crew Statiom
2 Aft Crew Station
3 TV Monitors
Image Generators
.1 Celestial Bodies
1.1 Stars
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6.2.6.2.3.1.2 Sun

6.2.9.2.3.2 Earth Scenes

6.2.9.2.3.2 General Requirements

1
2 Cloud Cover
3 Horizon
4  Earth Scene Below 50,000 FT.
4.1  Maneuver Renge '

2 Visibility
3.2.5 Orbital Earth Scene .
.3.3 Spacecraft Exterior and Interior-
3.3

. . .3.1 Nose
2 Wings
3 Orbiter Aft Section
6.2.9.2.3.4 Lighting & Shadows

5 Occultation

6 Time of Day

7 TV Cameras

8 Target Vehicle -

9 Remote Manipulator System Arms
6.2.9.3 Visual and lMotion Cue Coordination
6.2.9.4 Maintenance Features
6.2.9.5 I0S Monitor Features
6.2.9.6 Software Drive Requirements
6.2.9.7 Visual Graphics

6.2.10 Shuttle Systems Simulation Software (WBS#1.2 and 2.2)
6.2.10.1 Electrical Power System (EPS) (WBS #1.2.1 & 2.2.1)
6.2.10.1.1 Power Generation

6.2.10.1.1.1 Fuel Cell

2 Charger-Battery

3 Generator
6.2.10.1.1.3.1 APU Generator

2 ABPS Generator
6.2.10.,1.2 Power Distribution System
6.2.10.1.2.1 AC Power Distribution
' 2 DC Power Distribution

3 Power Switching Logic

4 Power Control and Display
6.2.10.1.3 Power Loading _
6.2.10.1.3.1 Transformer-Rectifier Units

2 Inverter Units

3 Bus Loading
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Mechanical Power System (WBS#1.2.1 & 2.2.1)
.1 Auxiliary Power Unit
1

.1.1 Power Generation

2 Fuel Supply System

3 Power Loading

4 Fire Protection System

5 Lubrication System

¢ Control & Display Logic Subsystem
6.2.10.2.2 Hydraulic Power System
6.2.10.2.2.1 Power Unit

2 Reservoir and Circulation Subsystem

3 Power Loading

4 Control and Display Logic

S Heat Exchanger Unit
6.2.10.3 Main Propulsion System (Less Controller) (WBS#1.2.2 & 2.2.2)
6.2.10.4 Reaction Control System (WBS#1.2.3 & 2.2.3)
6.2.10.5 Orbital Maneuvering Systew:(WES#l 2.3 & 2.2.3)
6.2.10.6 Air Bresthing Engine System (W3S#1.2.3 & 2.2.3)
6.2.10.7 Solid Rocket Motor (“”S#l 2.2 & 2.2.2)
6.2.10.8 External Tenk - ETI(WGS+#1.2.2 & 2.2.2)
6.2.10.9 Guidance, Navigation and Control (WBS#1.2.5 & 2.2.5)
6.2.10.9.1 Aerodynamic Flight Control
6.2.10.9.1.1 Aerosurface Control

2 Air Data
Spacecraft Flight Control
MPS Thrust Vector Control
SRM Thrust Vector Control
OMS Thrust Vector Control
Star Trackers ,
Rendezvous Radar ' . e
Body Mounted Rate Sensors
Body Mounted Accelerometers
6.2.10.9.3 Inertial Measurement Unit
6.2.10.10 Communications and Tracking
6.2.
6.2.
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10.10.1 Navigation and Landing Aids
10.10.1.1 TACAN
Instrument Landing System (ILS)
GCA Radar
ATC Transponder
Radar Altimeter
Microwave Landing System (MLS)
10.2 Communication _
10.2.1 S-Band System

2 VHF System

3 Audio Control Center
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6.2.10.
6.2.10.
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6.2.10.10.3 Rendezvous Tracking
6.2.10.11 Instrumentation System(WBS#1.2.4 & 2.2.4)
6.2.10.12 Environmental Control/Life Support System(ECLSS) (WBS#1.2.6&2.
6.2.10.12.1 Atmosphere Revitalization and Monitoring

2 Thermal Control

3 Water, Waste and Food Management

4 EVA/IVA
6.2.10.13 Payload Accommodation System (WBS#2.2.9)
6.2.10.13.1 Interfaces
Payload Structural Attachment :
Payload Deployment and Retrieval Mechanism
Payload Doors
Rendezvous and Docking Sensor
Orbit Station
Payload Bay Lighting
Payloads
6.2.10.14 Aircraft Systems (WBS#1.2.7 & 2.2.7)
6.2.10.14.1 Purge 2nd Vent System
Landing/Braking System
Speed Brake System
Ejection Seat Mechanism
5 Docking Mechanism

O~ PN
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6.2.11 Simulated Applications Software (WBS#1.3 & 2.3)
6.2.11.1 Translation and Rotation Dynamics(WBS#1.3.1 & 2.3.1)
6.2.11.1.1 Vehicles
-~ 2 Orbiter Vehicle Configuration _
3 Forces and Moments . _ s .
4 Aerodynamics ‘
5 Coordinate Systems
6.2.,11.2 Mass Properties
6.2.11.2.1 Vehicles
2 Vehicle Configuration
3 Consumables
6.2.11.3 Ephemeris
6.2.11.3.1 Celestial Badies
2 Coordinate Systems and Coordinate Transformatlons
3 Displays

2.12 Simulator Control Software (WBS# 1.4 and 2. #)
2.12.1 Data Recording (WBS#1.4.2 & 2.4.2)
2.12.1.1 Plotters and Recorders

2 Real-Time Print

6
- 6.
6.
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6.2.12.1.3 Logging
6.2.12.2 Real-Time Input/Output (WBS#Ll.4.1 & 2.4.1)
6.2.12.3 Synchronous Simulation Program Processor (WBS#I 4.1 & 2.4.1)
6.2.12.4 Master Timing (WBS#1.4.1 & 2.4.1)
6.2.12.5 Master Control (WBS#1.4.2 & 2.4.2)
6.2.12.6 Record Playback
6$.2.12.7 CRT Pages (WBS#1.4.2 & 2.4.2)
6.2.12.7.1 Malfunction Control

2 Setup Verification
3 Parameter Display

6.2.12.8 CRT Interactive System (WBS#1.4.2 & 2.4.2)
6.2.12.8.1 CRT Hard Copy
2 Look and Enter
3 Graphics
6.2.12.9 Operatlng System Interface (WBS#l.4.1 & 2.4.1)
6.2.13 Support Software (WBS#l..5 & 2.5)
6.2.13.1 Operating System
6.2.13.2 Software Procecsors
6.2.13.3 Data Base Generator
6.2.13.4 Reset Generator
6.2.13.5 On-Board Computer Support Software
6.2.13.6 Utility Programs
6.2.13.6.1 Diagnostics

2 Support Utilities (Plotting, Trace, Snapshots)
3 Subroutine Library

6.2.13.7 Delog

6.2.13.8 Automated Documentation
6.2.13.9. Data Management System
6.2.13.9.1. Configuration Control

2 Simulator Complex Utilization
6.2.14 Systems Integration (WBS#1.6.2 & 2.6.2)

6.2.15 Demonstration, Installation & Test (WBS#1.6.3 & 2.6.3)
6.2.15.1 Factory Test and Demonstration ' ,
6.2.15.1.1 Layout Model
2 Factory Test
6.2.15.1.2.1 Crew Station Hardware
2 Control and Display Hardware

3 Visual Hardware
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6.2.15.1.2.4 Visual Graphics
5 1Instructor/Operator Statlon
6 Motion Hardware
6.2.15.1.2.6.1 Motion System Dummy Load
6.2.15.1.2.7 External Interface Equipment
8 Aural System Hardware
9 Simulator Power Hardware
10 Simulator Timing Hardware
11 Hydraulic System Hardware
12 Ancillary Equipment
13 On-Board Cecmputer Hardware
14 Data Conversion Equipment
2 On-Site Installation and Test
2.1 General
2 On-Site Hardware Installation, Integration and Test
3 System Test
6.2.15.3 Acceptance Test
6.2.15.3.1 Simulator Operation and Procedure Tests
System Acceptance Tests
Mission Oriented Tests
Visual Graphics Tests
Visual System Tests

6.2.15.
6.2.15.

Ut N

6.2.16 Documentation (WBS#L.6.4 and 2.6.4)

6.2.17 Program Management (WBS#1.6.1 and 2.6.1)

6.2.18 Miscellaneous Hardware & Software (WBS#1.7 and 2.7)

19 Motion System (WBS#1.1.7)
.19.1 General Requirements
.19.2 Degrees of Freedom
19.3 Detail Design Requirements
19.3.1 Hydraulic & Electromechanical Design
2 Motion and Control Loading System Controls
3 Maintenance Controls
4 Floor Loading
.4 Performance Requirements
4 Simulated Motions
Payload Weight
Worst-Case Maneuvers
Rough Air
- Response :
Excursions, Velocities and Accelerations
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.3 Test

.4 Logi

1

2 Re
3 Fa
4 Cl
4

4

7 Acceleration Onset
8 Frequency Response
Safety Requirements
Synchronization
Maintenance Features .
Software Drive Requir ements
Tilt Provisions

Requirements

stics Requirements (WBS#1.6.3 & 2.6.3)

Reliability and Quality Assurance Requirements
General

sponsibility for Inspection
cilities '
assification of Inspections

6.6 Support Requirements (WBS#1.6.3 & 2.6.3)

7.0 Documentation Requirements (WBS#1.6.4 & 2.6.4)

Exhibit 1

Exhibit 2
Exhibit 3

Exhibit 4

Exhibit 5

Applicable Documents to the Shuttle Mission
Simulator Statement of Work

Performance & Design Requirements Specification for the
Shuttle Mission Simulator
Data Management Specification . .
Performance & Design Requirements Specification for the
Shuttle Mission Simulator Government Furnished

Property List

Shuttle Mission Simulator Work Breakdown Structure

Shuttle Mission Simulator Specification Tree

Addendum A To the Performance & Design Requirements Specification

for the Shuttle Mission Simulator Malfunction Requirements

Addendum B To the Performance & Design Requirements Specificatién

for the Shuttle Mission Simulator Telemetry Requirements
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ABES
ABPS
A/D
AN
ATU
ATC

ATP
BCD

C&D
C&W
cC3
CDR
CEI
CFE
COAS
CPCEI
cIy
CRT

CTE

GLOSSARY

Air Breathing Eﬁgine System o
Air Breathing Propulsion System
Analog-to-Digital

Aixr Force - Navy

Auxilliary Eower ﬁnit A
Air Traffic Control

Authority to Proceed

Binary-Coded Decimal

Controls and Displays e

Caution and Warning

Console Communication System
Critical Design Review

Contract End Item

Customer Furnished Equipment
Crewman Optical Alignment.Sight
Computer Prdgram Contract End Item
Central'Processing Unit

Cathode Ray Tube

-

- Central Timing Equipment
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D/A
DCE
DCN
DCS
DCU
DI

- DMS
DP&S
DRD

DRL

ECLSS
ECP
ECS
EPS
ESS
ET -
EVA
FAR
FBCS

FMS

Digital-to-Analog
Digital Conversion Equipment
Document Chaﬁge Notice
Digital Command System
Pigital Conversion Unit'
Digital Input | ' .
Data Management System |
Data Processing and Software
Daté Requirement Description
Data Requirements List

. ;;
Environmental Control & Life Support ngpem
Engineering Change Proposal -
Environmental Control System
Electrical Power System 5
Essential

~

External Tank

- Extra Vehicular Activity

Final Acceptance Reyley
Fixed Base Crew Station

Full Miésion Simulation
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GCA
GFE
GFP
GMT
GN&C

GSSC
RAL

ICD
IFF
IFR
ILS
IMU
1/0
108

IVA
JsC

LOS

Ground Control Apérosch
Government Furnished Equipment
Government Furnished Property
Greenwich Mean 'fime

Guidance, Navigation and Control

Ground Support Simulation Complex :

ts

High*Order Assembly Language

Interface Control Document

Identirication Friend or Foe

In-Flight Refueling o A,

Tncstrument Landing System
Inertial Measurement Unit

Input/Qutput

. Imnstructor-Operator Station

Inter Vehicular Activity

Johnson Space Cénter

" Loss of Signal
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NAS
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OMS

PDR
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RCS

RMS

SATR
s/C
scC
- SMS

SOW
SRM
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Motion Base Crew Station

" - Mission Control Center

aor

Mission Control Center Simulation Facility

Mission Eiapsed Time
Microwave Landing System
Main Propulsion System
Mission Specialist

Modulation Transfer Function

-

National Aircraft Standard

Oh-Board Compuct<r

Orbital Maneuvering Staticn

Preliminary Design Review

‘Payload Specialist

Reaction Control System

Remote Manipulator System
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o

Start of Acceptance Testing Review

Spacecraft

Simulation Computation Complex

Shuttle Mission Simulator

‘Statement of Work

'Solid Rocket Motor

Snare Shuttle Vehicle
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TBD
TCS
™
TPS
TSCC

TVC
UCIP

VFR

VOR

~ WBS

Work Breakdown Structure B

To Be Determined

Thermal Control System

Telemetry -
Thermal Protection System

Training Simulation Computation Complex

Thrust Vector Control -

. *

Uplink Command Input Page

Visual Flight Rules . .

Very High Frequency Omnidirectional Raﬁge
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1.0 Purpose

This statement of work defines the Contractor tasks required to
produce a Shuttle Mission Simulator Complex which will be used to
support the training of crew members and ground peréonnel for operating
the Space Shuttle Sysﬁem which includes the Orhifer Vehicle, Main
Engines, Solid Rocket Motors, External Tank, Air Breathing Engines for
the Ferry mode of operation,and support equipment and activities

required to provide the Space Shuttle System objectives.
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2.0 Scone

2.1 Contractor Tasks

The Contractor's tasks wlll consist of the design, develop-
ment, production, installation, checkout and field support of one (1)
Shuttle Mission Simulator complex which is defined to consist of
two separate and distinct crew stations, These tasks will include
the review of spacecraft changes and the incorporation of appropriate
changes into the simulator hardware and software design, the genera-
‘tion of documentation for design, configuration management and
training use by maintenance and instructor personnel after accept-

ance for each of the crew stations.

2.2 Program Definition

The SMS program for the purposes of this Statement of Work
and the ensuing contract shall consist of four primary tasks:

1) Development of a Motion Base Crew Station

2) Development of a Fixed Base Crew Station

3) Spares Provisioning

4) sSystem Support

The progran shgli be orgénized into a Work Breakdown
Structure with each crew station defining the project level
work packages.. The project level work packages are divide@iinto

system work packages and lower levels . The Work Breékdown Structure
will form the basis for the proposal, cost and schedules. Further
definition of the requirements of the WBS concept‘aéé detailed in

Exhibit 4.
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The major program milestones which shall comprise the SMS pro-
gram are tabulated in Figure 2.1.

2.2.1 Propram Elements

The overall SMS prbgram elements are shown on Figure 2.2 which
defines the SMS program level specification tree. NASA shall be res-
ponsible for the management and coordination reqqired to interface the
Program at this level. The élements of the program and the inter-
relationships between are defined in the following paragraphs:

2.2.1.1 Facility & Facility Modifications

After ATP, Facility Modifications Requirements document shall
be prepared by the SMS Contractor. (See Exhibit 2 for further instruc-
tions, reference DRL Line Item 37).

2.2.1.2 Simulation Computation Complex .

The SMS Contractor shall be provided as GFP, the SMS Simulatign
Computation Complex (SCC). The SCC specification tree 1s shown in
Exhibit (5). The Contractor shall utilize the equipment and software
so provided as the compuéation complex of the SMS. The SCC consists
of the equipment and software defined in Exhibit (3)._ Proposed expansgidn
of the SCC,if required to meet the SMS requirements, shall be the res-
ponsibility of the Contractor. Preventive maintenance, scheduling,
modification, and configuration céntfoi of the SCC equipment and
specifications shall be proposed by the Contractor from computer

acceptance until acceptance of the Fixed Base Crew Station.
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SMS Authority to Proceed

SCC Availability

Bldg. 5 Modifications Complete

GFP Flight Hardware Availability

liotion Base Crew Station (MBCS)
Authority to Proceed |
Preliminary Design Reviews
Critical Design Pevieuws
Installation at MSC
Acceptance
Post Acceptance Update
Astronaut Training

_ Systems Support

Spares Provisioning

Fixed Base Crew Statlon (FBCS)
Specification/ECP
Authority to Proceed
Pfeliminary Design Reviews R
Critical Design Reviews
Installation at MSC

Acceptance

Systems Support

Spares Provisioning

FIGURE 2.1 MAJOR PROGRAM MILESTONES
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The SCC shall be located in Building 5 at JSC during the entire program.

Rk
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2.2.1,3 Shuttle GFP Support

The prime Shuttle Contractor (North American Rockwell)
is responsible for providing data and equipment to NASA to support
the SK5 development and operations. The Shuttle Contractor support

shall be as follows:

2.2;1.3.1 Shuttle Systems Data Support

The Shuttle Contractor shall provide wvehicle data
as required to allow the design and maintenance of the SMS in an
up-to-~-date configuration which duplicates vehicle functions with
& high degree of fidelity. This data shall include vehicle con-

figuration, operations, avionics and flight crew interface data.

This data shall be used as the baseline design data
for designing the SMS, An initial data package will be provided
the SMS contractor at ATP. Data will continue to be provided after
ATP and will be transmitted to the SMS Contractor through the
NASA SMS Technical Manager., The SMS Contractor shall establish
& Data Management capability to catalog, track, dissemiﬁate,
evaluate and retrieve this data as specified in.paragraph 7.0.
A formal interface shall be established after ATP between the SMS
Contractor and the NASA Technical Manager/Shuttle Prime Contractor
to permit additional data requests for missing, incompatible or

incomplete data items to be obtained from the Shuttle Contractor.

i
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2,2.1.3.2 Avionics Hardware and Software Support

High fidelity simulation of avionics subsystems is required
for procedures development and crew and flight controller training.
Therefore, flight-type hardware fof simulation of such avionics equip-.
ment as computers, data buses, interface units, etc., may be necessary
to efféétivelf;iﬁcorporate flight software characheriétics into training
simulators. If flight hardware or flight software is required to achiey
this capability, it will be provided as GFP.

The SMS contractor shall specify the GFP Avionics equipment
required. The specified equipment will be procured by HASA separately
and provided as GFP to the SiiS Contractor. Interface will be defined
jointly by NASA and the contractor and the resultiﬁg definitions will be
documented by Interface Control Documents (ref. ﬁRL #32 of Exhibit 2).
The GFP may be modified by agreement between the Contractor and the

NASA SMS Technical Manager.

r

2.2.1.3.3 Hardware Support o o e e

: Hardware to be providéd'in the SMS falls into opé of three
categories: (a) Flight fidelity hardware is :équired where there is an
éctive instrumehtation requirement;'(b) Hardware of mockup fidélity may
be provided where only stowage or crew-support equipment is necesséry;_
and (c) Flight Simulétor Hardware to be supplied GFP. 'Thg NASA shall
specify the vehicle hardware which is to be supplied as GFP (Reference
Exhibit 3). The GFP defined may be modified only after agreement

between the SMS Contractor and the NASA Technical Manager.

e

[
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2.2.1.4 DMotion Based Crcw Station (MBCS)

For the purposes of this procurement, the Shuttle Mission
Simulator shall consist of two crew stations, a Motion Base Crew
Station and Fixed Base Créw Station. The Motion Base Crew Station shall
be procured under the initial SMS contract. The Specificatibn tree for
~ the Motion Base Crew Station (MBCS) is shown in Exhibit (5). The MBCS
shall be a moving base simulator with a visual system which shall
provide training for the Commander and Pilot work statioms.

2.2.1.5 TFixed Base Crew Station (FBCS)

A modification to the basic SIS contract will be initiated by
NASA subsequent to ATP to procure the FBCS, The épecification tree
for the FBCS is shown in Exhibit (5). Thé FBCS will be a fixed base siﬁuf
lator with a visual system which shall provide training for the Cowmanderi
Pilot, Mission specialisF, Payload Specialist, 2 Axis Rendezvous, and |

Manipulator Work Stations.

2.2.2 Program End Items to be Provided

(The Contractor shall provide the following end items:)

4. bne (1) Motion Bagé Crew Station - Hardware and software in
accordanée with the requirements of this SOW. | o

b. One (1) Fixed Base greg Station - Hardware and software in
accordance with the requirements of this SOW. |

¢. Computer Programs - Two (2) magnetic tape copies and a

backup card deck for the simulator on-line and off-line software programs

shall be provided at acceptance,
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d. Documentation = Documentation in accordance with
Exhibit (2), Data Management Specification for the Shuttle Mission

Simulator.

e. Test Fovipwent - Unique Test Equipment requi}ed to meet the

maintainablility requirements as proposed by the Contractory.

f. Vicval Graphic Macters = If applicable, masters of grarhic

material (e.g.,'film, slides, etc.) required for image
generation which were generated dﬁring the program and are
required for the production of first gencration copies
after acceptance.

g. Spares FProvisions - Sufficient to support the SMS for one

year after acceptance of each crew station.

h. Systems Engineering -« For a period of six months after

acceptance of each crew station to support maintenance

and operations.
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3.0 General Reguirements
3.1 Perfornmance

The Shuttle Mission Simulator shall be composed of two
independent Crew Stations. The first Crew Station which shall
be referred to as the Motion Bose Crew Station (MBCS) shall be
capable of providing training for the Commander/Pilot work stations,
The second Crew Station which shall be referred to as the Fixed
Base Crew Station (FBCS) shall be capable of providing training
for all work stations located in the upper crew compartment of the

Orbiter Vehicle.

The }Motion Base Crew Station shall be delivercd in a
training configuration identical to the Shuttle Systeﬁ configzura-
tion for the Fi}st Manned Vertical Flight Test, Thé Fixed Base
Crew Station-shall be delivered in a training cénfiguration identical
to the Shuttle System configuration for the first vertical flight
which incorporates the Aft Orblter crew stations, i.e., the Mission
Speciallst, Payload Specialist and the Orblter work sta}ions.

W
| Each Crew Station shall be capable of operating integrated
but not simulataneously with MCC for the purpose of ground personnel

training.

The SMS shall be capable of training flight crews to
operate the space shuttle vehicle (SSV)} and to become proficient
in all facets of the vehlcle's aséigned missions, The MBCS shall
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the sinulator shnll operate in an integrated mode with MCC to

be mounted on a six degree~of~freedom motion system which shall have '
the capabili;y_of being tilted to simulate vehicle launch. The FBCS
shall be a fixed-base simulator capable of training all SSV Crew members.
Visual systems shall be provided for the forward windows of the MBCS anc
all windows of the FECS exclusive of the photographic stations.
The simulator rhall be designed so that both crew stations can
bg‘operated at the same time on independent tréining exércises.
Both crew stations shall be capable of providing training in all
tasks required during the following major £light operations.
a. Ascent
b. Orbit
c. Rendezvous
d. Deorbit
e. Entry
f. Approach and Landing
g. Ferry
h. Abort IR S
In addition théJFBCS shall provide training for the Payload

Operation and g-Axis Rendezvous Docking and Undocking mission phases.
Both crewstations shall be designed to provide training from ten minutes
prior to lift-off until the orbiter comes to rest on the runway after

landing. i

The SMS shall fajithfully duplicate all controls and dis-
;plays utilized during manned operation of the SSV. In addition,

provide full nmission training. - _ : Co
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4.0 Prormram Manarement Requirements

4,1 Orranization Reguirements

The contractor Will.establish a Shuttle Mission Simulator
organization headed by a Progranm Hanager and removed from other
contractor prograns to the extent necessary to prevent interference
with a timely completion of the SMS program, The Program Manager
shall have the responsibility and necessary authority for the
accomplishment of the obJjectives of the SMS contract. The Program
Manazer shall have clearly demonstrated abllity to dellver similarly
complex systems on time and within contract cost. 1In order to
acconnplish the manzazensnt,utilization, and control of the GFP located
at J3C, the contractor shall provide the necessary personnel located

in the vieinity of JscC.

b,1,1 Organization Plans .

The contractor shall provide NASA with a current organiza-
tion chart which clearly ldentifies the areas of responsibility
for the performance of the various aspects of the SM3 program. The
organization chart shall identify responsibility at least to the
Work Package Manager 1e§e1. Seé Exhibit (2), Data Management

- Specification for the Shuttle Mission Simulator,'DRL Line item 1,

4,1.2 Key Personnel Changes, Contracting Officer

Prior to diverting or reassigning specified key personnel,
,the contractor shall notify the NASA Contracting Officér; See
Exhibit (2), Data Management Specification for the Shuttle Mission
Simulator, DRL Line item 1.
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The contractor shall prepare and submit for NASA approval a
Program Plan which shall be the single, authoritative summary document

which the contractor shall use to delineate the manner in which the ob-

jectives of this Statement of Work shall be achieved. This Program Ilag

shall be agreed upon during contract negotiations. See Exhiblt (2),
Data Management Specification for the Shuttle Mission Simulator, DRL
line item 1,

4.3 Industrial Szfety Plan Requiremsnts

As part of the Program Plan, the contractor shall prepare
and submit for NASA approval a proposed Safety Plan for assuring proper

attention and control on industrial and public safety matters. The

Industrial Safety Plan shall be agreed upon during contract negotiationsg

and be properly iﬁtegrated with the Organizational Plans and Program

Plan.

I Subcontract Plan

As part of the program plan, the contractor shall prepare
a Subcontract Plan which includes: the method of procurément, procure-
ment schedules, and procedures by which control will be exercised over

the subcontract effort.

rr

for the Shu
4.5 Data Management Plan
"As part of the program plan the contractor shall prepare a

Data Management Plan which will ocutline the contractor's planned method

tle Migsion Simu:lator, DRL line item 5. !

]

See Exhibit (2), Data Management Specification
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for management and control of data. (See Exhibit (2), for further

instruction, Ref DRL line item 7).

4,6 .Instgllation at MSC Plan

As part of the program plan, the contractor shall prepare
an installation at JSC plan. (See Exhibit (2) for further instruction
Ref. DRL line item 42).

L7 Monthly Technical Progress Report

The contractor shall prepare a Monthly Technical Progress
Report which will describe the progress, significant accomplishments,
major activities, and problems encountered during the reporting period.
(See Exhibit (2) for further instructions, Ref DRL line item 4).
The Monthly Technical Progress Report shall include a summary of all
subcontracts (Ref DRL line item5).
4.8 | SMS Baseline Management

Concurrent with the period of performance of this SMS
contract, the actual Shuttle System will be developed, manufactured
and tested. The contractor shall be responsible for reviewing and

assessing all approved mission changes and configuration changes to the

Shuttle System to determine the impact on the SMS configuration. NASA
will provide the contractor with data for this purpose..
The contractor shall submit an Engineering Change Proposal

(EcP) (reference Exhibit (2),DRL item 30) fdr each proposed SMS cbnfigu“A

ration change or modification that Impacts the design, function, cost,
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or schedule of the SMS. Upon receipt of the ECP and its review with

the contractor, NASA will reach a decision whether or not to incorporate

the change or modification into the SMS. Prior to PDR, the SMS contract

Statement of Work shall serve as the SMS baseline configuration.
Approved changes from ATP to PDR shall be incorporated int§ the CEIL

and CPCEI documentation. From PDR to the terhination of the program
the end item specifications (Part I & Part II) (Reference Exhibit 2,
DRL line item 40 and 41) shall be used as the SMS baseline configura-
tion. The source of designﬁdata and assumptions made to arrive at this
baseline shall be documénted in the Data Book freference Exhibit 2,

DRL liune item 34).

Subsequent to PDR, a formal Configuration Control Board
consisting of NASA and SMS contractor personnel-will convene semi-
monthly to review and assesé the impact of the changé éctivity.

Each change shall be evaluated as to whether it can be
incorporated into éﬁe defined prog;am sche&ulelr Changes ﬁhich:cannot
 be incofporated into the original schedule shali be désigned, fabricateg
. and installed as a modification kit éfter ﬁcéeptanpe-of‘the initial
' delivere& configuration. The modification kits shall be genefated in
accordance with Exhibit.z, DRL line item 23,

Dde to the uncertainEy of the change activity, for the pur-
poses of bidding the review of data and preparation of ECP's shall be

estimated as a level of effort of ten man-years of engineering

and support personnel spread over the entire program.

1,
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5.0 Proarom Contrnl Recuirements

5.1 Conference Reguirements

The NASA will exercise program contrbl through use of program
planning documents, periodic reviews, cost reports, and such other
management tools as may be requiréd.

Monthly program reviews will be conducted,as well as unscheduled
meetings as required. The program reviews will alternate in location
between the SMS contractor's facility and JSC.

5¢1.1 Preliminsry Necign Review (FPDR)

PDR(s) will be conducted with the SMS contractor by the NASA
Techinical and Work Packsge Managers and other NASA personnel and
Shuttle contractors as deemed necessary by NASA prior to or early in
the detail design phase. A PDR is the technical review of the basic
design approach for an item of equipment or software to éssure compati-
bility with the technical requirements as defined by the contract
Statement of Work and the producibility of the design approachf The
design approach will be documented by Contract End Item Specifications,
(reference Exhibit(Z),-gRL item 40). The End Item Specifications will
be supporteé by Engineering Design Reports (feferenée ﬁxhibit(Z),DRL
item 22), Interface Control Documents (reference Exhibit (2),DRL item
32) and the Data Book (reference.Exhibit (2),DRL item-34). This docu-
mentation shall be submitted prior‘to:the review to enable

adequaté time for NASA review as defined in the DRL List of Exhibit (2);
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These reviews will update the NASA requirements to be used by the éon~
tractor. Cost and schedule relétionships which arise due to technical
requirement changes will also be reviewed. The NASA approved changes
shall be¢ documented as the NASA baseline, implemented by the contractor
and plecoed under configuration control. The End Item Specifications shi
serve as the basis for the baseline and appropriate changes shall also
be implemented in the Contract Statement of Work. The contractor shall
publish a plan for the PDR(s) (Refecrence DRL line item 35 , schedule
and conduct the PDR(s) and publish a summary report (Reference DRL

line item 39). | |

5.1.2 Critical Dasign Review (CDR)

CDR(s) will be conducted with the SMS contractor by the NASA
Technical and Work Package Managers and other NAéA personnel and
Shuttle contractors as deemed necessary b§ NASA when the detailed desig:
1s essentially complete. The purpose of a CDR is to determine the com-
pliance of the completed design with the technical requiremenfs of the
NASA baseline. Actions&resulting from these reviews, in general, shall
be compieted prior to authorization to proceed gith implementation of
the contractor's overall detail design. A CDR shall result in authori-
zation to the contractor to procéed with the release of detail design
to Manufacturing, of‘test procedures, etc., and the appropriate revisiop
or update of the NASA baseline documentation. The detail design will
be documented by the End Item Specificapions (Part II) (Reference

Exhibit 2, DRL item 41).
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Changes to the technical reguirements which arise at the reviews shall
be handled analogous to PDR change procedures defined in paragraph
5.1.1 The contractor shall publish a plan for the CDR(s) (Reference
DRL line item 36 ) schedule and conduct the CDR(s) and publish a
summary report (Referenve DAL line item 39).

513  Incremerntal PL{=) and CDR(s)

Each total system reﬁiew, i.e., PDR and CDR, will be a one-time
review of either the overall design approach or the detail design with
review results presented to a formal NASA review board. However, in
order to allow design of the system and its various subelements to prro-
ceed in the most cfficient manner and to allow initiation of long lead-
time procurement and/or manufacturing to best support program require-
ments, review and authorization for individual elements of the overall
system design will be granted on an individual basis. As the contrazctoy
proceeds with system design, NASA will monitor design progress. When
the contractdr_and NASA agree that the design of a 'system or hardware
element has prdgressed to the pcint where it is appropriate to proceed
with detail design or to release detail dgsigﬁ'for manufacturing, an
incremental review will be conducted on that system or hardware element
to obtain NASA's authorization to proceed. The incremental reviews will

be conducted in accordance with the PDR and CDR requirements as herein
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described. Upon.completion of the Incremental Design Reviews and reso-
lution of resulting action items, the NASA baseline shall be updated
as appropriate, |

The PDR aend CDR shall be summary reviews of the Increnental
PDR's and CDR's to ensure that the incremental reviews are compatible
and the results satisfy program requirements.

5,1.4 Start of Acceptance Testing Review (SATR)

The SMS and all End Itcems ready for NASA's acceptance shall be
documented by the contractor through a formal Start of Acceptance
Testing Review (SATR). The contrasctor shall publish a plan for tho
SATR (Ref DRL line item 38 ), schedule and conduct the SATR and

publish a summary réport (Ref DRL line item 39)

5.1.5 FEinal Acceptance Review (FAR)

A Final Acceptance Review (FAR) will be conducted at the
cbmpletion of NASA Acceptance Testing. The contractor shall publish
a plan for the FAR (Ref DRL line item 43). j”” R iy
ﬁ5.2 Configuration Control Requirements |

The contractor shall prépare a_configu;ation management plan .

- See Exhibit (2) for further instructions, Ref.DRL line item 27.

5.2.,1 Preparation of Engineering Change Proposals for Contract

End Items t
The contractor shall prepare éroposed changes to contract
end items. See Exhibit (2) for further instructions, Ref. DRL

line item 30. - Changes to requirements as defined by the
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contract Statement of Work which arise during the program due to the
design reviews, data reviews, or NASA direction shall be documented by
this method.

5.2.,2 Review, Transfer and Turnover Package

The contractor shall provide NASA with review data concurre:rt
with SMS acceptance. See Exhibit (2), for further instructions,
Ref. DRL line item 13.

5.2.3 Intcrface Control Docunents

The contractor shall prepare Interface Control Documents to
define and control SMS interface. See Exhibit (2) for further
instructions, Ref DRL line item 32.

5.2.4 Interface Revision Notices

The contractor shall prepare Interface Revision Notices to
inform NASA of proposed chénges to Interface Control Documents See

Exhibit (2) for further instructions, Ref. DRL line item 33.

H
st g o o SR ' .- - - ™

5;3 Scheduie'ReqUiréﬁenté o

The contractor shall prepare and submit, monthly, detailed mile-

stone schedules that will accurately depict'the progress of the program

See Exhibit (2) for further instructions} Ref. DRL line item 3.

5.4 Work Packages

The work packages/work tasks concept with significant milestone
charts will be used by NASA for visibility of the total project. The

work package/work task shall represent an identifiable and measurable
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area of effort fhat is consistent with the contractor's breakout of

budget allocations, cost accumulation centérs and scheduling practices

expressed in terms of manhours and identified to schedule milestones.

Milestone charts with associated manloading charts shall be included.
See Exhibit (2) for further instructions, DRL line item 3.

5.5 Firgncisl Control Requirements

The conﬁfactor shall prepare and submit monthiy a detailed
Financial Management Report in a NASA provided format, that will
accurately depict the plans and actuals of the costs and manhours for
this program consistent with the milestone schedules discussed in
Paragraph 4.4 above. The Work Package identification concept will
be used by NASA for visibility into the measureﬁent qf progress, as
related to cost. See Exhibit (2) for further instructions, DRL
line item 6. |

5.6 Quality Assurance Program

r

The contractor shall develop,'implement‘aqd mai@téin a QQélity
assurance and inspectioﬁ?program in accordance with the approved
éuality'AssufancelPlan.. (See Exhibit (2) for further imstructions,
DRL line item 10) | 7

5.7 NASA and Other Contractor Related Tasks

The contract will be managed by the Manned Spacecraft Center of
NASA. The development of the simulator will require contact with

other NASA contractors and Government organizations. The NASA will
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6.0 Technical Requirements

6.1 System Enginecering Requirements

The following documentation shall be generated by the Contractor’
system engineering function for each of the end items which are the
responsibility of the SMS Contractor.

6.1.1 Engineering Daesign Reports

The SMS Contractor shall prepare overall design reports thet
provide detailed technical descriptions of the equipment to be provided.
(See Exhibit (2) for further instructions, Ref. DRL Line Item 22).

6.1.2 Modificestion Dsta

The SMS Contractor shall prepare a Modification Data Package
for each modification authorized by the Contraéting Officer. (See
Exhibit (2) for further instructions, Ref. DRL Line Item 23).

6.1.3 Drawings. |

The SMS Contractor shall prepare a cémpiete sei&of SMS drawings

Form II. (See Exhibit (2) for further instruétions,.Ref. DRL_Line

PRGN

Item 25).
6.1.4 Drawing Index

The SMS Contractor shall prepare an index of all drawings
and specification required for the SMS. (See Exhibit (2) for

further'instructions, Ref. DRL Line Item 26).
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6.1.5 Data Book
The SMS Contractor shall prepare a document defining the
data and assumptions which form the design base. (See Exhibit (2)

for further instructiohs, Ref. DRL Line Item 34).

6.1.6 End Item Detail Specification
The SMS Contractor shall prepare End Item Specifications for t}
simulator in the format and content specified. (See Exhibit (2) for

further instructions, Ref. DRL Line Items 40 and 41).

6.1.7 Specification Maintenance

The SMS Contractor shall prepare specification change notices
and the specification change log pertaining thereto. (See Exhibit (Z).
for further instructions, Ref. DRL Line Item 28 and 29).
6.1.8 Interface Control Documents

The SMS Contractor shall prepare interface control documents
to define and control SMS interfaces. (See Exhibit (2) for further

@ &

instructions, Ref. DRL Line Itém 32).

6.1.9 Interface Eegigibn ﬂoti;e
The SMS Contractor shall prepare Interface Revision Notices

to inform NASA of proposed changes to Interface Control Documents (See

Exhibit (2) for further instructions, Ref. DRL Line Item 33).

LN
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6.2 Design and Development Requirements

6.2.1 General Design Requirements

6.2.1.1 Qperability

6.2.1.1.1 Reliability

The contractor shall establish and maintain an effective
reliability program in accordance with MIL-STD 785 Requirements for
Reliability Program (for Systems and Equipments).

Reliability of operation shall be of prime importance in
the design and manufacture of the training device, All practical
methods shall be employed to insure quality and reliability consistent
with the state of the art, Reliability shall be integrated with
maintainability efforts in order to achleve maximum availability in
the most economical manner,

6.2.1.1.2 Maintainability

The simulator shall be designed fbr eése of maintenance,
accessibility for installation and removal of components, safety of
‘personnel during.operafion, énd minimum fime f&r training problem
setups, The féllowing practices and equipmeht characteristics shall
be adhered to:

a) Cqmponents which are functionally and physically inter-

changeable shall be of the same part number and shall be used wherever

L
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and as frequently és possible. Provisions shall be made to insure that
components cannbt be incorrectly installed.

b. All inspections, adjustment, service requirements, and
replacements shall be accomplished using a minimum of tools or support
equipment.

c. Standardized components requiring minimum of lubrication,
adjustment, cléaning, and protection shall be used wherever standardi-
zation does not penalize the simulator in perfofmance.

d. Wherever possible, sequential assembly and subsequent
disassembly arrangement of detail parts shall be avoided.

e. Wherever possible, sequential aligmment and calibraticn
arrangements shall be avoided.

f. The functional units shall incorborate self-test capa-

~ bilities where possible and particularly whenever electrical or elec-

" tronic circuitry units, components, and detailed parts are employed.

Simulator go-no-go self-test shall indicate inua §;rect reading form
whether or not the simulator is opérating within established o;erating
limits. The‘indicgtiondéhall be'readily availablejtdjthe'ihStructor—
'qperator or maintenance pefsonnel. The possibility of doubt entering
into the interpretation of go-no-go diéplays shall be excluded.

g. for maintenance purposes, functional units shall be

arranged so that each may be isolated from thé_;ratner'and operated

individually from suitable input devices while its output is measured

with appropriate test equipment. Input and ocutput test jacks shall be
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separate from the normal service connectors on the unit and shall be

- available for use while the unit is in service. Input and output test
equipment characteristics shall be specified by the contractor.

h. The physical arrangement of components shall be such

that they can be readily inspected, serviced, calibrated, and if re-
quired, adjusted without removing the component and with minimum dis=«
turbance to other parfs. The degree of accessibility shall be commen-
surate with the frequency of inspection, servicing, or repair on the
unit or detail part. Hermetically sealed units or units otherwise
protected from specific hazards shall be exempted from this requirement

6.2.1.1.2.1 Accessibility

Easily removable access panels shall‘be provided throughout
the equipment as required for méintenance, inspection, test or modifi-.
catiop5 The degree of accessibility shall be commensurate with the re-
quired frequency of inspection or servicing. Such acceés shall be to
an extent which will facilitate removal and répiacement of parts. All

- coverg, hinged acceés doors, or removable panels which must be‘removed
iét opened for inspecti&é'and_maiﬁtehance purposes shall be secured
by readily removable screws or quick-release mechanisms. Components
which are subjéct to replacément or sérvicing sh311 ﬁ§£7be permanentiy
secured by riveting, welding, or other means which pf;hihit-ready

removal. The design shall provide fof'removal of faiied components

with mininum disturbance of nonfailed components. ™
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6.2.1.1.3 Useful Life

The SMS shall be designed and constructed for anm accumulated
operating life (longevity) of not less than 30,000 hours.

6.2.1.1.4 Natural Environment

The SMS shall be designed to sustain no damage and be capable.
of satisfactory operation within the performacce requirements of this
specification after being subjected to the following natural environ-
mental conditions:

a) Temperature - Minus 20 degrees F to plus 140 degrees F
for 2 weeks and 25 degrees F to 105 degrees F for 3 years.

b) Altitude - Up to 35,000 feet forl25 hours and up to
6,000 feet for 3 years,

¢) Humidity - Up to 100 percent reietive humidity with-
 condensation due to temperature changesr"

6.2.1.1.5 Transportability

The SMS shall be designed to minimize preparation procedures
for handling and tran5port Features shall be incorporated in the
equipment design tc permlt handling by forkllfts and crane3° no
special equipment shall be required, All cabinets are to be furnished:
with casters for ease in handling and relocation, Disassembly shall be ;
held to the minimum required to provide adequate protection of the

components, but shall not require the use of special tcols or skills

for reassembly., The largest single plece of equipment which cannot
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be disassembled shall not exceed a crated width of 7' 4", height of
8 feet, length of 16 feet and weight of 4,000 pounds.

6.2.1.1.6 Human Performance

. Human performance criteria to support the SMS for optimum
arrangement, lighting, colors, placarding, and equipment, shall be pro-
vided. Human factors requirements shall be applied to assure compatibi-
lity between man and the simulator. Unless otherwise specified herein,
the human engineering requirements shall be in accordance with
MIL-STD-1472.

6.2.1.1.7 Safety |
The SMS shall be designed to insure maximum safety to

personnel and equipment during training periods and maintenance

operations.

6.2.1.1.7.1  Personnel Safety

The equipment design shall provide for the adequate protec-
tion of personnel and crewmembers at all times. Protective devices
shall be incorporatéd to prevent accidental contact with primary

supply voltages or rotating parts. -

6.2.1.1.7.2 Equipment Safety ~ e e

The SMS shall be designed for optimhm.équipment safety:
throughout, as specified herein. |
a. Overload Protection ~ Overload pro;ective‘deﬁices shall

be provided within the equipment for primary circuits and such other
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circuits as required for protection of the equipment from damage due to
overload. These protective devices shall be located in such a manner
&8 to be readily replaceable, either by direct location on the front
p&agl or bebind birnged doors or panels. (Except for off-the-shelf
commereially available equipwents.) Lamp indicators shall be used

s0 that fuse failures are visually indicated. All overload protective

devices shall be placéd in the ungrounded side of the circuits.

b; Heat Dissipation - The SMS design shall provide for the
adequate positioning and spacing of components-whose operation involves
the release of heat at appreciable rates. Location and spacing shall
be such as to permit sufficiently rapid dissipation of heat to prevent

excessive temperatures in their immediate environment. Such items

shall be contained in cabinets or other suitable enclosures. Enclosures

containing such heat dissipating components shall incorporate provisions

for removal of heat energy released. Where rate of dissipation is too
high fo warrént-réliénée ﬁpbn naﬁurﬁl‘coﬁvéction fbr coéling; éorced |
'ventilation shall be provided. ‘
6-2-1-1-7-251 Equipment High Iemgeréture Wérning

o When electronic equipment may be damaged due to high
temperatures, an automatic Eigﬁ-temperaturé audible warning system

shall be installed. Means shall be provided to cut-off the audible

warning alarm after sounding, while the equipment is secured and allowed

to cool downi™: -

o]

p
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6.2.1.1.8 Dangerous Materials and Components

Materials and components shall not generate toxic or noxious
gasses when exposed to excessive heat. Adequate handling procedures
shall be provided for any components that may be hazardous through

breakage, e.g., pressurized lamps or cathode ray tubes.

6.2.1.1.9 Induced Environment
The SMS shall be capable of Opefating in the following inducec
environment.

£.2.1.1.9.1 Operating Environment

The SMS system shall be capable of performing its intended
functions within the specified perforﬁance requirements while operating
under any combination of the envirommental conditions specified below:

a; Temperaturé.- +60° F ﬁo 85° F . | | |

b. Altitude - Zero to 2,500 feet

c. Relative Humidity - 30 to 80 percent
16.2.1.1.9.2 Conditioned Air R
| conditioned, filtered, cooling air shall be furnished by
the using siﬁe directly to training equipment at 75 plus or minus 5
degreesrf,’rélativé humidity ?b percent or less, diffeféntiéi R
pressure equal to 0.1 inch of water. The cooling air shall be supplied

to the lower part of the equipment (under floor plenum) and exhausted

out through the top into the room.
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6.2.1.1.9.3 Acoustics

The noise level of 0perétive training equipment parts

shall be held to a minimum. Noise levels shall not be permitted to

interfere with communications essential to efficient training.
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6.2.1.2 Facility Interface

6.2.1.2.1 Product Configuration

The general physical arrangement, product configuration and
other dzsign constraints such as floor space, floor loading, vibration,
electrical power, air-conditioning, mechanical, and plumbing require-

ments shall be as delinecated in the ICD. (Reference DRL Item #32).

6.2.1.2.2 Poweor quuiremcnts‘

a. Three-phase 60 lz 120v/208v power within limits as speci-
fied in paragraph 6.2.5.2.1 shall be furnished by NASA.

b. 400 Hz power - 115 volt sirzle phase power within the
limits specified in paragraph 6.2.5.2.1shall be furnished by NASA.

¢. 277/450 volt 3 phase 4 wire 60 Hz power shall be furnished
by NASA.

d. Outlets - The SMS consoles and cabinets shall be equipped
with contractor furnished 60 Hz, 115v power outlets to facilitate the
use of testing equipment.

6.2.1.2}3 Cabling Requirements

All power distribution cables from facility power distribution

points to the SiS shall be furnished by NASA at the installation site.

6.2.1.2.4 Ajr-conditioning Requirements
The SMS Contractor shall interface with the GFPrfacility
conditioned air (reference paragraph 6.2.1,1.9.2) in the following

nmanner .
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a. The SMS contractor shall supply the '"boots'" which direct :the
flow of air from the under floor plenum to those equipment cabinets

requiring plenum air.

b. The cooling air capacity (CFM) and the cooling (BTU/HR)

required by each unit shall be described in the applicable Interface

Control Document.

6.2.1.2.5 Facility Layout

The SMS will be located at the Mammed Spacecraft Center facility
at Houston, Texas. It will be housed in the Mission Simulation Facility
Building No. 5. It shall be designed for installation in the areas
shown on FIG.6.2 -III. Additional dimensional information of the
simulator space is shown on FIG. 6.2 .-1 and FIG.6.2 -1II.

The flooring in the simulator area is of 8" thick reinforced
concrete with cable troughs as shown on Section A-A of FIG. 6.2-1.

Flooring in the balance of the area is computef.flooring 16
inches high with a 28 inch square panel grid. |

Site modification shall be the responsibility of NASA. The

Contractor will clearly define all modifications necessary for the

installations including, buﬁ ﬁot‘limiﬁed tof
a) Filling of trenches
b) Floor leveling requiremenfs to accommoaate the motibn base
¢) Size and location of trenches from the hydraulic power room
d) Cutouts in the floor panels for equipment mounted on the

computer flooring
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e) §Size and location of trenches for the Image Generation
equipment.

f) Floor loading information
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6.2.1.3 Desion and Construction Standards

6.2.1.3.1 General Design Features

The SMS equipment shall simulate, as far as practical, those
features of the SMS operations toibe encountered by flight crews in the
performance of their tasks. The configuration of the equipment shall
provide for the requirements of the using site facilities and all
specifications herein. Actual S/C hardware may be utilized but shall
not require flight qualification. Features shall be incorporated in thi
design to permit ease of moéifications necessitated by design changes
in tle actual vehicle. Emphasis shall be placed upon reliability,
simpiicity, minimum size, versatility, easé of maintenance, and
minimum time for training problem setup. The design requirements of
the SMS for simulation of the actual SMS subsyst?ms shall be based
upon data that describes the performancedénd physical characteristics
of these subsystems. The SMS shall be designed to accept electrical
cables and cooling air exhaust outlets that are contained in the sub-
flooring at the using site. Cables for interconnectlng components
shall be compatible with the using site facilities. Any subsystems
involving chemical reactants or pyrotechnics shall not be simulated
with actual hardware.

6.2.1.3.1.1 Human Engineering

LN

Unless otherwise specified herein, the human engineering

requirements of the training equipment shall be in accordance with

MIL-STD-1472 where applicable.
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6.2.1.3.1.2 Electrical Requirements

The SMS equipment shall operate ffom the GFE poker gources
within the limits as specified in paragreph 6.2.5.2.

All electrical equipment and design shall comply with the
National Electrical Code.

| Batteries shall not be used as a part of, or in connection

with, the power equipment. Automatic time-delay devices shall be used
as reguired to prevent damage to c¢ircuits caused by loés of all power
and/or power on sequence. V

6.2.1.3.1.2.1 Electric Motors

Equipment utilizipg electric motors larger than one horre-
power shall be designed to operate from a 3-phase power supply.
6.2.1.3.1.2.2 MWiring

Stranded hook-up wire shall be used unless solid conductors
are required to meet circuit conditions._ Conductor size shall be
sufficient to avoid deterioration in electrical properties of the wire
from overheating. Bare hook-up wire éhéll ﬁotﬁbe_used unless insﬁlated
wire is impractical because of circuit charécteristics br shortness of
wire runs. All wire shall conform to Specification MIL-W-16878, except
that ﬁhe polyanide jacket‘is not required.

6.2.1.3.1;2.2.1 Electrical Connections

777 In no case shall electrical connections depend upon wires)
lugs, or terminals clamped between a metallic member and an insulated

material. Where practicable, such connections shall be clampéd between
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metal members such as an assembly of two nuts, two washers, and a
machine screw. If such an assembly cannot be used, and maintenance of
tight connection depends upon the resistance of an insulating material
of other than a ceramic or vitric nature to compressive stress or
shear, such connection shall be securely soldered. Wherever bolts,
screws, nuts, or studs are uced in, or as part of, a radio-frequency
circuit, connections shall be assembled by use of a lug. Specifically,
soldered connections shall not be considered practicable at studs of
molded phenclic cépacitors, meter terminals, or relay contacts, unless
such parts are designed for soldered connections.

6.2.1.3.1.2.2.1.1 Solderless Tyvpe Terminals

where wrapped, solder type or dip solder type terminations require
solder connection. Spade type terminéls shall be used on wiring at
cable ends where frequent disconnection is required. For wire size AWG
22 and larger AWG numbers, pre-insulated type terminals may be used.

6.2.1.3.1.2.2.2 Access Wire Holes

or shields iess than 1/8 inch in.thiékness, the holes shall be equipped
with suitable insulators for mechanical protection of insﬁlation other-
wise subject to abrasion. Panels, 1/8 inch or more“in thickness, shall
eicher have insulators or shall have the hble edges rounded to & radius

equal to one-half the thickness of the material.

5.2.1.3.1.2.2.3 ¥Hire Runs

F.-398.8-A

- Care shall be exercised in the running of hook-up wire

Solderless type terminals shall be used except for parts

Whenever wires are run through holes in metal partitions

-
L&

e
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to insure that it is not carried over or does not bend around any

sharp corners or edges which might, in time, cut through the insulation
In order to prevent deterioration of the conductor by heat, care ghall
be taken to insure that wiring is not exposed to local temperatures
apprecicbly above cmblent temperatures and that the wiring cannot come
in direct contact with heated parts.

6.2.1.3.1.2.2.4 Metallie Shielded Wire Runs

Conductors using metallic shielding unprotected by an

outer insulation shall not be used.

6.2.1.3.1.2.2.5 Srrore Porcetaple Ornteoete and Tprmivaln

A quantity of unused receptacie contacts and junction

terminals shall be provided. The number of spare contacts shall be

not less than 10 percent of the total quantity used, but in no case

shall be less than two spare contacts per‘connecfor. This requirement
shall not apply to equipment such as motors, indicating instruments,
-_and meters where it is unlikeiy that additionallcircﬁits will ever be
“required. lThe 10 percent sparé .contacts on intercdnnecting cables
.shall be'wired. Cabling betweén bayé and fackslaf_equiﬁﬁent shall éon-
tain approximately 10 percent unused spare capaéity for future expansion.

6.2.1.3.1.2.2.6 Maximum Terminal Point Connections

The number of wires connected to any one binding post or

terminai board stud shall be limited to four.
6.2.1.3.1.2.2.7 Ammeter Shunts

Ammeter shunts shall not be used as terminal lugs.
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6.2.1.3.1.2.2.8 Terminal Strips

Terminal strips of low moisture absorpﬁion insulating
material shall be used for junction of cables requiring infrequent
disconnection or the joining of two or more cables ét a common point.
Adequate terminal spacing or barriers shall be employed to prevent
breakdown or low leakage resistance under high humidity, including
condensation.

6.2.1.3.1.2.2.9 Cabling

Conductors not placed in ducts or channels shall be
bound into a cable and securely held by insulating.clamps or other
suitable means. Cables shall be supported & minimum of once every 24

inches to prevent abrasion from folding, vibration, or other mechanical

damage, In addition, pulse, audio, video and rgdtb;frequency signal
carrying conduc;ors that may undesirably couple such signals into other
conductors shall not be bound into a cable. All video cables shall be
continuous (without connectors) except for points essential to the videg
_#ysteﬁ. Cébiesjbetweeﬁ assémblies and uniﬁs shéllzéérmiﬁate ihnféiminal
lugs or connectors and shall be contained within extruded pléstic or
synthétic rubber Eubing. Unleés'otherwiSe Specifiéd, ali‘cables other
than power distribution cables terminatimg in connectoré or terminal
strips which contain three or ﬁore conductors shall be provided with

spare conductors as follows:
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Nomher of Live Cornductors. | Number of Spare Conductors
3 to 5 ‘ _ 2
6 to 12 _ _ .3
13 to-20 | 4
21 or more . 5 conductors or 20 pefcent,

whichever 1s greater

6.2.1.3.1.2.2.10 Cable Grouping

Where practicable, interconnecting cables, except those
cables contained under the raised flooring, shall be bound into cable
groups. Each grouping shall be limited to an equivalent area of 12
square inches. When required to bend such cable groups, the radius of
bend shall be not less than teﬁ times the minimum thickness of the group.

6.2.1.3.1.2.2.11 Use of Conduit or Zipper Tubing

Where required, lightweight metallic conduit or zipper

tubing shall be used for protecting electrical wiring from mechanical

damage.

6'2'i53f172'2'12 Conduit Fitting or Connectors
- Conduit fittings or connectors of the water tight type
shall‘belﬁsed for fastgning either metaliié'cﬁhduiiméfminsulatidg
tubing to equipment or junction boxes where termination of wires in the
coniduit or insulating tubing is made to terminal strips or connectioﬁs
within the equipment or the junction box.

6.2.1.3.1.2.2.13 Size of Conduit

In determining the diasmeter of conduit to be used, the

group of conductors that are to be installed shall be bundled together
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and the maximum diameter measured. The maximum diameter shall not
exceed 75 percent of the internal diameter of the conduit to be used.
Wires and cables within the conduit shall not be tied or fastened
together.

6.2.1.3.1.2.2.,14 Slack

Unless otherwise specified, wires and cables shall be as
short as practicable. Sufficient slack shall be provided for the
following purposes: |

a. Allow repair of broken connections at terminal at
least two times, except for sizes AH2, AN4, and larger where only one

replacement is required.

and supports.

¢. Permit free movement of shock and vibration mounted
equipment.

' d. Permit shifting of équipment in order to perform

~alignment, servicing, tuning, removal of dust covers, or changing of
plug-in‘cohpénent$ 6f‘subassemb1ies wﬁilg installed. o |
| All underfloor power and signal'cables measuring 30 feet ¢
ﬁafe in length point-to-point shall be at ie ét-15 féét longer than
point-to-point distance. All underfloor cables measuring less than 30

feet inlength point-to-point shall be at least eight feet longer than

point-to-point distance.

b. Prevent mechanical strain on the wires, cable junction

i)
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6.2.1.3.1.2.2.15 Wiring Practices

The following wiring practices shall be avéided:

a. Moisture-absorbent materials used as fill for clamps
or adapters.

b. Tape or cord used for primary support.

Where continuous lacing or wrapping is used, it shall be
in accordance with the requirements of NASA Handbook SP-5002.
6.2.1.3.1.2.2.16 Insulating Tubing

Insulating tubing shall be placed over each conductor
solder terminal connection at each end of the cable. The tubing
shall be instslled in a manner to prevent slippage of the tubinglfrom
the connection.
6.2.1.3.1.2.2.17 Grounding

The following grounding methods:shall be used;:

~a. A central ground point shall be provided that is lo-

cated in the main power cabinet. o
| b, The simulator frame, signal and individual power

grﬁunds shall be isolated from each other within each unit. When it is

required for circuit_reasons to connect a Speciflchpower ground to a

signal ground, the power ground shall be considered as a signal ground.
¢. The simulator frame, signal and indivxdual power

grounds shall be common only at the central ground point for the entire

system. Each ground shall be capable of being separated from the

central ground point.
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d. Each shield shall be grounded at one point only,
preferably at the end where the signal originates. Signal shields shel
be connected to power or chassis ground. Where it is desired to pass
one or more shields through a connéctor. a shield ground wire shall be
carried through each connector to the point where it connects to power
or signal ground. One point only on each segment of each shield shall

be conmacted to this shield ground wire.

3.2.1.3.1.3 Mechanical

Major components of the simulator shall be of modular
construction such that installation assembly and disassembly can be
accorplished without special equipment. The simulator shall have pro-
visions for securing and locking items in place for shipping. Means
for leveling each major component shall be provided. Each major
component shall have provisions for lifting and moving by forklift or
tow points for skidding the unit.

Simulator supporting structure shall be suitably reinforced
to support the equipment during its normal use and to withstand jars,
vibrations, and shock incident to shipment.

All parts, such as shafts, bearings, pistons, gears, valves,
armatures, regulators, and controls shall have proper clearances and
adjustments. They shall so work together that the simulator equipment
will satisfy the stated requirements without unnecessary strains,
vibrations . and overheating. They shall be able to withstand the

conditions incident to shipping, storage, installation and service.




DATE ' ~ THE SINGER COMPANY : | pace no.
12/22/72 - .SIMULATION PRODUCTS DIVISION J 6-26

REV. A 3/23 73 B v )

_ B 6/22 73 BINGHAMTON, NEW YO!-?K ) _ REP. NO.

6.2.1.3.2 Selection of Specifications and Standards

Unless otherwise specified, specifications and standards for
materials, parts, and pfocesses shall be selected using Standard
MIL-STD-143 as a guide.

Where materials, parts, and processes are not covered by
Government specifications, their selection will be at the option
of the contractor with the restriction that selection shall meet the
performance characteristics satisfactory for the intended use.

$.2.1.3.3 Materials, Parts and Processes

Materials that are not specified herein shall be sound, of
uniform quality and conditions, and free from cracks, scams or defects
which may adversely affect the appearance, strength, endurance or wear

resistance of the finished part.

6.2.1.3.3.1 Noncritical Materials

Wherever practicable, noncritical materials shall be used

in construction of the equipment. - - » v
5.2.1}3;322 Nonmetals . | |
. . . . i

~ All nonmetals, such as wood, plastic, and fabric used in

e

. construction of the equipment shall be of the molsture and temperature

| resistant'type.

.2.1.3.3.3 Flame-Resistant Materials
Where practicable, flame-resistant materials shall be used.
Where necessary to use flammable materials, they shall be of such

characteristics that neither toxic nor corrosive fumes will be liberate

[
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if the material should burn. All flammable materials shall be brought

to NASA attention prior to desigﬁ approval.

76.2.1.3:3.4 Dissimilar Metals

Contact of dissimilar metals as defined in Specification
MS 33586 shall be avoided wherever practicable. Where such contact is
unavoidable, and if practicable, the metals shall be electronically
insulated with paint, non-metallic washers, chemicél films, or anodic

coatings.

6.2.1.3.3.5 Gearing

The class of gear shall be determined according to its appli-
cation. Except for commercially available gear boxes which are integral
w1th motors, high-speed or heavily loaded geared transmissions shall

include anti- frictlon permanently lubricated bearlngs.

F .2.1.3.3. 6 Finishes and Protective Coatlng

Finishes and protective coatings shall be applied to all

surfaces of the simulator to prevent corrosion and deterxoration.

6.2.1.3.3.7 Crew Statlons = _ A __

The crew station interior colors shall duplicate the SMS

vehicle Lnterior.

6.2.1.3.4 Standard and Commercial Parts

Standard parts such as Air Force-Navy (AN), National Aircraft
Standard (NAS), and Military Standard.(MS) parts shall be used where
practicable when they suit the purpose, and shall be identified omn the

drawing by their part number.
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6.2.1.3.4.1 Cormercial Ytility Parts

Commercial utility parts, such as screws, bolts, nuts, washers,
pins, rivets and similar small parts, having suitable properties may be
used provided that:

a. They can.be replaéed by standard parts (MS or AN) wifhout
alteration. |

b. The corresponding MS or AN standard part number is
réferenced in the part list and on the training device drawings.

6.2.1.3.5 Moigture and Fun-us Resistance

Materials that are susceptible to damage or deterioration duc

to moisture or salt spray shall be avoided.

Materials that are nutrients for fungi shall not be used where

it is practical to avoid them.

6.23lf315.1 Corrosion of Metal Parts

| ' Corrosion~resistant metals shall be used in the construction

_ of the SMS wherever pfdtective finishing”ié nét préctical. Where
necessary to usé ferrous materiais to obtain‘certain functional or

| mégnétic pfoperties, such ferrous matériéls éhail be pxbtécted against
corrosion.

6.2.1.3.6 Interchangeability and Replaceability |

Mechanical and structural interchangeébility and replaceability
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shall conform to the requirements of Specification MIL-I-8500. Electri-
cal and electronic interchangeability and replaceability shall conform
to the requirements of MIL-E-5400. All parts having the same manufac-
turers part numbers shall be governed by the drawing number requirements

of MIL-STD~100.

6.2.1.3.7 Workmanship

The SMS shall be constructed and finished iﬁ accordance with the
requirements of MIL-STD-454. Particular attention shall be'given to
the following: |

a, Freedom from Slemishes, defects, burrs, and sharp edges

b; Accuracy of.dimensions, radii of fillets, and marking of
parts and assemblies.

c. Thoroughnesé of séldering, welding, bfazing, painting,
wiring, and riveting. ‘

d. Alignment of parts and tightness of-assemblies. SCTEws,
and bolts. I | - : i_ o '{._ . .

The SMS shall be-thoroughly cleaned. Loose)fspatteréd or
excess solder,'metal chips,_and_qther_forgign m3teri§1 #hallhbe removed
during and after final assembly.

6.2.1.3.8 Electromagnetic Interference

The generation'of electromagnetic interference or the vulnerabir
lity of the SMS'(except commercial off the shelf eqyipment) to inter-

ference shall be controlled within the limits of CEO3,REQ2 énd CS06 of
Table II of MIL~STD-461. |
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5.2.1.3.9 Identification and Markings

The SMS equipment shall be marked in accordance with the require-
ments of MIL-STD-130. |

£.2.1.3.9.1 Cautionary Marking

In all instaﬁces where parts, subassemblies, assemblics and
units of the spacecraft equipment are used in the SMS and these parts,
eubasserblies or assemblies, have been modified iﬁ any way for appli-
cation to the SHS, such parts, subassemblies or assemblies shall be
permanently marked with the following cautionary markings in a plainly
vigsible position:

A WARNING: FOR TRAINER USE ONLYV
6.2.1.3.9.2 Wiring i

Each wire and cable installed betweenéubassemblieé, assemblics,
and units shall be identified by imprinting on the wire, cable, or
sleeve. This identification applies to those wires and cables normally
subject to removal for maintemance or shipping, such as cables between
cabinets. The imprintinéishall be placed within 3 inches of each
connection and shall be located so that éhielding, ;;¢s, clamps, or
supporting devices do not have to be removed to read the identification.
Each wire shéll be identified by a dual method of marking which desig-
nates the connectioﬁ points at each end.of the wire. A slash mark shall
separate the two parts (portions) of the_identification marking (For
example, switch S-3 has one wire leading to terminal three of terminal

board TB-1l. Thé wire should be identified on the switch end as
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16.2.1.3.9.4 Control Panels

6.2.1.3.9.3 Transformer Connections

-uge or purpese of the parts as well as their opérational functions.

6.2.1.3.9.5 Electronic Parts Identification

$-3-1/TB-1-3). To facilitate this method of marking, at least every
tenth terminal in all junction boxes shall be numbered. Where power
wiring occurs in thé junction boxes, the terminals shall be labeled as
to the voltage and frequency. All plugs and connectors shall be
assigned a refereﬁce designation in accordance with Standard USAS Y32.16.
All wire marking shall be of sufficient size to be legible and shall be
marked in permanent colors to provide suitable contrast with background

wire, sleeve, or cable covering.

Transformer connections shall be clearly marked on the sub-
assemblies near each connections or prominently labeled on the trans-

former itself.

The I0S control panel facilities, such as control switches,
rheostats, indicators, jacks, sockets, and fuse holders, shall be

marked with a suitable word, phrase, or abbreviation, indicating the

The control panel markings shall be placed in apprOPriate positions
adjacent to the part in a durable and legible manner. The Crew

Station control panel markings shall be in accordance with S/C data.

Where space permits,electronic'parté,”suéh as.cépacitors,

resistors, relays, transformers, and other circuit parts, shall be

identified by reference designations stamped on the mount ing adjacent
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to the subassemblies and assemblies.. All subassemblies and assemblieé
shall be identified by reference designations stamped on the mounting
adjacent to the subassemblies and assemblies. These identification
symbols shall be the same that appear on the applicable circuit diagrams
and shall be completely.legible and located in a position to facilitate
identification.
On printed circuit boards, or other electronic assemblies

where space does not permit ﬁeference designations on the assemblies,
reference designations shall be provided on associated assembly drawings

or photographs.
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6.2.1.4 Software Desgign
6.2.1.4.1 Simylator System Software
The Contractor shall design and implement a simulation
structure that will utilize the capabilities and resources of the GFE

Computer Complex and Operating System in an optimum manner. The

Contractor

shall also provide the facilities necessary to support time-

sharing requirements for batch processing, remote job entry, and a

data management system utilizing the GFE Computer Complex, in parallel

with the simulator operation.

A high level compiler language shall be used in coding the application

prograns. The contractor shall evaluate and discriminately select the type

of programming languages which should be implemented for the various control,

application, and Support software systems of the SMS, Factors that should be

consi

progr

dered shall include, but not be limited to, data base communication,

am linkages, simulation task structure Tinkages, operating system linkages

and facilities.

- The contractor shall ensure that efficient utilization is made of

the facilities of the GFE operating system in the development of the data

manag

be 11

ement system, Factors that should be considered shall include, but not

mited to, source file updates, variable load module creation, data set

maintenance and integrity, and object module/data base linkages.

*
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€.2.1.4.2 _Simlated Shuttle Systems Software

6.2.1.4.2.1 Structure

The SMS applications software shall be structured for ease
of modification and load-making. Each program shall be modularized to
allow replacement of any subsystems program médule without destroying
the integrity of a load configuration. (The modularization shall be
accomplished relative to real world systems and subsystems, rather
than for internal programming conveniences.) The capability to
simultaneously load multiple program modules of a gliven subsystem into
the computer shall exist. By this means,¥mbdification development and
discrepancy clearance can be accomplished at the same time training
is taking place.

6.2.1.4.,2,2 Training Configurations

The training configurations for applications software shall]

be developed to permit the training modes described in Paragraph
6.2.1.4.4.5.
6.2.1.4.3 Modifications

The applications software modifications shall be accomplishe

without modification to the training configutation and shall reside

on mass stoerage until éccepted'for on-line training. The modular model
under development shall have the capability of being brought on-line

to either replace the equivalent accepted module or be added to‘a-load

configuration for checkout. During on-line development, where test

i
|
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drivers are necessary, they shall be developed to expedite checkout of
software ﬁodules/modifications on @ non-real time basis as spare compu-
ter time is available. This development shall normally be pursued at

a terminal /CRT station. After this initial test phase is complete, the

modification shall be tested with a compatible load configuration.

The test drivers shall be maintained in the off-line mass
storage in a current configuration until simalator acceptance. Additional
drivers shall be inclﬁded as necessary to emulate the interface to allow
checkout of the integrated configﬁrations without actual tie~in to the
other training stations.

The Data Management System (DMS) shall provide capabilities
by means of data processing functions to control and status the hardware
and software configuration of the simulator. The DMS shall aiso provide
the summary of simulator complex utilization for various activities such
as crew training time, preventive maintenance time and lost time.
6.2.1.4.4 Simulator Modes
6.2.1.4.4,1 _Reset

- Thé.Reset ﬁode shall provide-the cagébiiity.to éélect the
set of desired initial conditions from the nuﬁber of sets availlable.
Twenty reset points shall be delivered with each crew station. The
available sets of initial conditions shail be stored in_mass storage
and, on actuation of Reset Mode, thé-selected set éhall be transferred
to operating storage. The simulator shall be switched to Freeze mode on

actuation of the Reset and remain in Freeze mode until another mode is
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selected. The latter requi;emenﬁ shall not disallow program executions
necessary to establish stable and numerically correct values of initial
conditions. Separate parallel function mode controls shall be located
at the instructor operator station and the IOS in the MBCS convenient to
the instructor for which the contreol is applicable.

A CRT shall display the imstructor option initial condition
parameters. This display/control will be used by the instructor, at hig

option, to change the values to those selected upon the next reset.

6.2.1.4.4.2 Freeze

The Freeze mode shall hold all time dependent variables at

¥

the last values computed before actuation of the Freeze mode when actua

ted by other than Reset Mode. The exception stated under 6.2.1.4.4.1

i

shall apply for Reset Freeze mode. Computer controlled entry into Free:
mode shall be included under conditions necessary to protect the safety
of equipment and personnel. An Automatic Freeze Enable Control shall,
_ whén activated, freeze the problem un&er defined simulated conditions
for which negativé or no training value results. Return to the Operaté'
Mode, on actuation, shall be smooth and shall continue from the condi-

tions existing when the Freeze mode was entered.
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6.2.1.4.4.3 Operate
The QOperate mode shall, when actuated, allow update of

computed values, applicable to the computer load configuration.
6.2.1.4.4.3.1 Real Time

The Reéal Time mode shall enable operagiOn of the simu-
lator computations with a one-to-one relationship between actual and
simulated time, All time-dependent parameters shall be computed at the
rates characteristic of the time dependent real world relationships.
6.2.1.4.4.,3.2 Slow Time

When actuated, the slow time mode shall displace the
real time mode and maintain selectable rates of one-tenth, or one-
twentieth real time. The ratios of slow time to real time shall be

maintained at all subsystem levels.

6.2.1.4.4.3.3 Fast Time

When actuated, the Fast Time mode shall displace the
Real Time Mode and maintain a rate bf 1.25 times real time. The ratio
of fast time to real time shall be maintained at all system levels.

4

6.2.1.4.4.4 StepeAhead

---- - The Step-Ahead mbde shall contéin means of selection of a
point in time to which the simulation will be advanced or regressed, as
selected. The state vector of the simulatéd vehicle shall be within
the real-time mode tolerances at Eﬁis new point in time. ’Degraded

accuracy of the simulated vehicle on-board subsystéms shall be acceptabl]

e
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Single iteration updates, using fixed rates for the time interval
represented by the step-ahead interval, of these on-board systems shall
be acceptable. For purposes of defining this mode, the simulated
vehicle on-board computers are not éonsidered part of the simulated
vehicle on-board subsystems. The similated vehicle on-board computers
shall contain means of update to the accuracies of the real-time mode

at the selected time.
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6.2.1.4.4.5 Trainine Mcodes
6.2.1.4.4.5.1 Motion Bose Crew Station (MBCS)

The simulator shall contain the software necessary to all
operation of the MBCS independent of other training stations. The softt

ware shall be configured so training at this station is not degraded by
simultaneous training at the Fixed Base Crew Station except that the

capability for training Launch-Boost mode need not be provided for both
stations simultaneously. Active training stations are the Commander and

Pilot Stations with seating included to be used by the Mission and Pay-

load specialists or the instructor/operators.

6.2.1.4.4.5.2 Fixed Bace Crew Station (FBCS)

The simulator shall contain the software necessary to

allow operation of the FBCS independent of other training stations.
Active training stations are the Commander, Pilot, Mission and Payload
specialists, the Z Axis Rendezvous and the Manipulator Station. The
software shall be configured so training at this station is not degraded
by simultaneous training at the MBCS, except for the Launch-Boost

limitation noted in Paragraph 6.2.1.4.4.5.1. . C

'6.2.1.4.4.5.3 MBCS/FBCS Inteprated

Requirements for an MBCS/FBCS integrated mode are TBD.
6.2.1.4.4.5.4 MCC Integrated

The simulator shall contain the software necessary to
allow any one of the configurations explained under 6.2.1.4.4.5.1,

6.2.1.4.4.5,2 or 6.2.1.4.4.5.3 to operate in an integratéd mode with the

Mission Control Center. See 6.2.5.8 for the -integrated mode interface

requirementa. No more than one integrated mode involving the MBCS and

the FBCS integrated with MCC shall be required at any one time.

Qly
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6.2.1.4.4.6 Telemetry, Digital Command System and
Trajectory Interface

The requirements for interface between the SMS stations
and Mission Control are listed in Addendum B to this specification.
These interface requirgments are listed with paragraph‘cross-references
to the specification. The simulation shall include all listed para-
meters transmitted at rates as specified in the Addendum.

6.2.1.4.4.7 Simulated Mslfunctions

The simulation shall include malfunctions. The require-
ments for simulated malfunctions for all SMS systems are listed in
Addendum A. The listing is not intended to exclude other possible mal-
“functions [romvtne traiming ‘Inventory.

To clarify the malfunction description, the following
‘definition of malfunction types is given: |

Multiple Mslfunction =~ Meaning that the malfunction may

be applied to more than one identical type subcomponent.

-

Discrete Malfunction - Meaning that the malfunction uses
" boolean logic for insertion/removal.

Variable Malfunction - Meaning that the malfunction

modifies internally used multiplier coefficients for subsystem componen%

functional changes and must return to the nominal value upon reset.

6.2.1.4.4.8 108 Crew Station Display

Parameters internal to the simulation equations shall be

provided to the I0S for instructor/system engineer monitoring.
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Provisions shall be made to provide both crew station displays and true
values to the I0S when malfunctions have been inserted to affect the
crew instruments. The term ''true value' is defined as the calculated
value of the simulated system function parameter without consideration
of signal conditioning for telemetry or display purposés.

6.2.2 Work Breakdown Structure/CEI Organization

The WBS structure for the SMS complex is defined in Exhibit 4.
The ensuing sections of the Design & Development requirements will
define the requirements of ;ach of these work packages. For brevity,
when the requirements of analogous work packages for the MBCS and FLCS
overlap or are identical, one set of requirements are“stated and, if
any differences exist, they are so noted.

The SMS Specification tree, the Contract End Items and
Computer Program Contract End Item Lists which comprise the SMS
program are tabulated in Exhibit 5 for the SMS Program elements. The
Contractor shall have the capability of adding to the list.of Contractor
provided equipment or computer programs if additionai items are

identified or are generated due to the uniqueness of the proposed

design.
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6.2.3 Crew Station Reguirements (WBS#1.1 and 2.1)

6.2.3.1 Crew Station Hardware

6.2.3.1.1, General Description

The crew stations for the Shuttle Mission Simulator shall be
contained in 2 compartments; one compartment shall be designated the
Motion Based Crew Station (MBCS) and the other compartment shall be
designated the Fixed Base Crew Station (FBCS).

6.2.3.1.1.1 Motion Based Crew Station (MBCS)

The MBCS shall contain the entire Pilot and Commander's
stations and shall extend aft teo include the Mission Specialist and
Payload Specialist seats in their authentic locatioms. Tﬁe forward
geetion 6f -this ~compartment shall be an-authentic replieca-of the
vehicle from a station at the front of the compartment, which will
contain all forward equipment visible to the crew (i.e., glareshield,
pedals, and window frameé), aft to a station containipg the vertical

panels at the aft edge of the side consoles. _
A readily removable'"jump seat' shall be installed aft of the
center console to permit an Instructor/Observer to monitor the crew

actions. (Ref. Paragraph 6.2.4.1.4) _
The flooring and pedestals shall extend aft to include

the seat tracks and pedestals of the aft crew members seats. The aft
bulkhead location and detail-may be compromised to accommodate these
aft crew members in a.forward facing position. The shelves and panels |
at these aft stations shall be authentically located, with controls
and displays which are functional for the missions of the MBCS operable

as in the spacecraft. Non-functional items may be simulated to a
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lesser degree of fidelity. GFE linings shall be authentically placed
with neatly blended linings covering the overhead and aft surfaces
normally devoted to the RMS station and cupola,

The design shall permit removal of the complete crew
station from the visual system as required to accommodate visual align-
ment .

The entire crew station and visual system shall be mounted
on a tilt frame such that it can assume a nose-up attitude of a minimum
of 90° from the level position for the launch phase of the mission
training. This attitude may be achieved by the combined excursions
of the motion system and tilt mechanism . Additional motion_cépability
shall be provided when the crew station is in the 90° pitch attitude as
defined in Paragraph 6.2.19.4.6. The total payload shall be designed
to withstand the performance requirements of the motion system while

in any tilt attitude.

6.2.3.1.1.2 _Fixed Base Crew StationigFBQSI

The Fixed Base Crew Station shall contain all six work
stations of the flight deck. All stations shall be authentic replicas

of the vehicle stations in the spacecraft in areas visible to and

1

affecting the crew membérs except that the orientation of the orbit

m
(]

station may be altered if deemed necessary to accomplish training in a
1 g environment. If deviatioms from the vehicle configuration are pro-

posed in this area, the design and rationale of the c¢rew station will
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be discussed in detail in the bidder's proposal.

The crew compaftment shall be designed to either be removabl
from the visual display in order to perform alignment of the visual
system or designed in such a manner as to easily permit visual alignment

within the crew station,

6.2.3.1.2 Cocknit Envelones

The external appearance of the crew station modules need not
resemble the flight vehicle. The overall size shall be as smell as
possible, consistent with economical structural and covering configu-
rations which do not compromise space for equipment installations and
cable routing. These modules shall be sectionalized as necessary to
satisly the traansportability requirewments of para. 6.2.1.1.5. The
.exterior shall extend only as far as necessary to include the visual
effects of the window framing and to enclose the cabling, panel
mounted equipment and stowage compartments of the respective st#tions.
In a vertical plane the envelope shall include structure above the
overhead panels for the MBCS and the outer frames of the aft
windoﬁsrfofréﬁb FBCS. The‘iower éuffécES shéil be defined by the

structure beneath the lowest floor elevation of the upper deck.

6.2.3.1.3 Lighting

Lighting for each crew st;tion sh311 duplicate in all respects
(fixtures, controls and intensity) thatlfound in the respective sectiong
of the flight vehicle. The effects of lights located remotely from

the simulated station envelope shall also be reproduded.

£
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6.2.3.1.4 Interior Fidelity

The interior of the crew stations shall replicate that of

the flight vehicle in those areas discernible to the crew members in

the performance of their duties. Departures from replication are

tolerated in the extension-of the stations of the MBCS to accommodate

the mission specialist/payload specialist positions although such

extensions shall be designed to simulate the continuation of the

forward compartment.

The replication shall include, but not be limited to the

following:

MBCS

1) Left Console and Panels

2) Main Instrument Panel

3) Glareshield

4) Center Pedestal and Panels
_f 5) _Right Console apd ?anéls‘ i ’
. 6) Hand Controllers - Rot.

7) Hand Controllers - Transl.

8) Parking Brake Control

9) Overhead Eyebrow Paﬁels

10) Overhead Display & Control Panels
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11) Mission Specialist Right Side Console and Panels
12) Console and Panels
13)‘Rudder Controls
14) Crew Seats (2)
15) Linings
16) Windows & Frames
17) Lights
18) Pedestzls
19) Air Cond. Outlets
20) Simulated Floor Hatch
21) Mission Specialist Seat
22) Payload Specialist Seat
FBCS
1) All of the forward portion of the MBCS, plus the
following equipment located aft of the side console vertical panels.
2) Lining N
3) Lights - I
_ &)_'Air Oﬁtlets
5) lEntrance Hatch |
6) Mission Specialist Aft Console & Panels E
7) Payload Specialist Aft Console &'Pénels' ;
. B
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8) Manipulator Station Console and Panels

9) E-Axis Rendezvous Station Conscles and Panels
'10) Manipulator TV Receivers (2)

11) Manipulator Controllers

12) g-Axis Rendezvous Station Controllers

13) Manipulator Z-Axis Rendezvous Station Windows
14) Floor Hatch

15) Crew Seats (2)

6.2.3.1.4.1 Pilot/Commander Seats

The forward crew seats complete with cushions, harnesses,
actuators and tracks shall be government furnishedVEquipment.
Pyrotechnics shall not be supplied. Controls essential to SMS training
shall be fitted with loading devices which permit repeated operation.
Position sensxng switches shall be 1nstalled on all ejection controls
to permit monitorlng of the sequence of operation. Ejection simulation
shall consist of activation 6f a solenoid operated thumper to provide

a physical and audible cue to the crew member .
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- $6.2.3.1.5 Ingress/Epress

Ingréss to the crew compartments of the motion base crew
station shall be thru a doorway in the aft bulkhead such that a walk-
in capability exists with the crew compartment in a level attitude.
Provision shall also be made to permit emergency egress when the crew
station is in a tilt attitude.

Ingress/egress for the fixed base crew station shall be
through a hatch opening configured to that of the spacecraft as viewed
from the interior.

All hand-holds, steps,latching controls, decals and warning

devices shall be simulated.

6.2.3.1.6  puvironment

The crew station environment shall be controllable and capableg
of producing an environmentrsimilar to that prevailing.in the actual
flight vehicle in order to provide a comfortable training environment.
Wifh an ambient temperature of 75°F the heating/air conditioning sys-

tem shall be capable of producing an smbient temperature of 65°F. to

85%F. in response to the crew station controls.
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The ventilation system shall utilize the distribution outlets
as they appear in the spacecraft with additional outlets as reéquired to

supplement the flow and eliminate hot spots.
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6.2.3.1.7 Stowape

Stowage provisions shall be included in the simulated crew
stations to the extent of simulating appearance and access. The size
of the compartments of the MBCS may be reduced to accommodate stowage
of items essential to simulator purpose as defined at the mock-up
review if such reduction is essential to economical incorporation of
the tilt feature.

The stowage compartments of the FBCS shall duplicate those

of the wvehicle.

6 -2 -3 -]. a8 L?"-‘"f"f".?t zf::';,l

Mockups required for critical evaluation items shall be

proposed if required.

e
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:2.3.2 Corntrols & Disnlay Hardware

2.3.2.1 General Requirements

The controls and displays associated wi;h the SMS panels
shall faithfully duplicate those of the oéerational equipment in
appearance, location, color, action, and reaction_to as high
a degree as reguired for crew training. The functions performed by
the simulator controls, however, shall generally be different from
those in the spacecraft.

+2.3.2.2 Connole/Panel /Component

The controls and display devices contained in the simulator
gencrally neéd not be constructed to rigid spacecraft environmental
specifications. For example, the circuit breakers shall be remotely
trippable and activated from the computer by Discrete Digital Bit Out-
puts rather than by causing a circuit overload, as might be the case in
the operational equipment. Simulated contiols and displays shall be
identical to those of the spacecraft in appearance, feel, and in their
functional interface with the men. Panel components shall be wired to
connectors mounted on brackets attached to the back of'the panels.
These connectors shall mate with caElés that coﬁﬁect the controls and
displays to the DCE via interface équipmeht és required. Signal wires
shall be grouped to minimize crosstalk between énalog and digital
Lsignals. . 1

6.2.3.2.3 Control Ioleréntes

All controls shall respond within plus or minus five percent
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of the corresponding Space Shuttle controls, i.e.:

a) Where a simulated Space Shuttle control is manually
actuated against a spring, the spring constént and preload; if any,
shall be duplicated in the.SMS to within +5% of the corresponding
Space Shuttle control. |

b) Where a Space Shuttle control exhibits an inherent
or induced damping, such damping coefficient shall be duplicated in
the SMS to within +5% of the corresponding Space Shuttle control.

6.2.3.2.4 Display Tolerances

6.2.3.2.4.1 Analog and Digital Response Tolerances

The closed loop response time of analog and digital

displays shall be as follows:

prevent stepping action and/or lags whlch would noticeably degrade

. .

that the computed value is within one iteration of the correct real

oy

tor as being critical shall exhibit a closed loop software/hardware

response time within .2 seconds.

Ll

software in such a manner to obtain the response within a realistic

equivalent system time.

a) Analog meters, displays and indicators system response

shall match the equivalent real world system as closely as necessary to
the simulation training value. Sequencing of the software shall be such

world value., The selected iteration rates shall be based on the critical

function of the displays, i.e., those displays identified by the contracr

b) Digital indicators, status lights, flag indicators and

video displays response to controls which cause ‘digital outputs to occur

(e.g.,circuit breakers, switches,etc.) shall be sampled and processed !
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The meter display tolerances shall be as follows::

8. Overall display tolerances shall reflect mechanization
error estimates.

b. Unless otherwisé specified, all meters in the crew
stations and on the I0S shall be plus or minus two percent full scale
accuracy instruments.

c. Unless otherwise specified, the I0S repeater meters
shall indicate within plus or minus three percent full scale of the
corresponding crew station meters. Those displays that require better
than thre2 percent match within the normal operating range shall be
hand trimmed to achieve the required match.

d. All digical displays that are driven from the digital
section of the computer complex shall present exactly the computer
data, either in the crew station or the I0S, or both.

6.2.3.2.5 Computer Control

The status of all panel switches and circuit breakers
shall be continuously inputted to the computer through the DCE DIl's.
Panel displays such as caution warning and status light, flag indica-
tors and numerical readouts shall be c;ntrolled'by discrete digital
outputs. The information outputted to the numerical readouts shali be

in binary-~coded decimal (BCD) form on a set of four lines, with conver-

sion to the seven segment display being accomplished in the display

hardware. Variable controls such as speed brakes, rudder pedals, ond
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throttle shall interface with the computer through A/D converters.

Analog instruments shzll be computer controlled by D/A outputs.

6.2.3.2.6 Lighting

The SMS panel illumination shall duplicate that of the
spacecraft. Necessary supplementary lighting shall be provided for
use during service and repair. All panels which are normally electro-
luminescent in the real world shall be supplied with electroluminesccnt
lighting in the simulator, with the nomenclature on all panels identic.|
with that in the spacecraft.

6.2.3.2.7 CRT Diaplavs

The crew station CRT displays shall operate in the simulator
as in the spacecraft.

6.2.3.2.8 Flight Controls

All flight controls shall duplicate the actual spacecraft
controls in dynamic feel, size, color and location. Computer controlle

forces shall be applied to specific flight controls, when applicable,

et
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6.2.,4 - Instructor-Cperator Stations
Two I0S's shall be provided for the SMS. One station shall
. operate with the motion-based simulator; the other, wiﬁh the fixed-
base simulator, The I0S's shall bé located cutside the simulated
cabin, and in close proximity to it. In addition to the two I0S's, a
capability shall be provided for an instructor to cobserve the trainee's
activity within the cabin of the motion-based simulator,

The I0S for the motione-based simulator shall permit
monitoring of training exercises for all phases of flight except
docking and payload handling. The fixed-base I0S Shall accommodate
instruction for all phases of the mission, The motion-based simulator
would be used primarily to train the Commander and Pilot. It shall
also be used to train the Mission Specialist and Payload Specialist,
but only in those duties required to assist the Commander and Pilot.
The fixed-base simulator shall provide training associated with the

entire crew cabin.,

Ceneral Requirements

The I0S shall provide the instructors and operators a
location from whiéh to control the overall SMS operations and monitor
flight crew performance. To accomplish these functions, the I0OS shall:
é, Function as a master control for SMS training operations,
b. Provide all display data and pfesent status of control

available to the astronauts.
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c. Provide supplemental displays of the Simulator Systems
Status (i.,e., SCC, DCE, etc.).

d. Provide a means to introduce malfunctions into and
remove malfunctions from. the SMS subsystem simulatioﬁ programs.

e, Provide recording devices,

£. Provide instructor-operator capability to control veice
communications with the astronauts.

g. Provide necessary controls to simulate inputs and/or
commands from other épace vehicles and/of ground control,

h, Proyide readout of any data in digital storage via
CRT type diSpiay.

i, Provide CRT type display capability to monitor sybsystem
parancters cxisting on interface data streams.

j. Provide CRT type display capability to introduce
and clear telemetry faults.

Tk Prov1de CRT dlsplay type Capablllty to monitor faulted
and true values of telg;etfy
I PrGVIde a TV monitor fér the Qisﬁallaﬁd TVLdiSplayé
available to the crew.
The flxed--and motion-based IOS s shall be located external
|

to the crew station modules and as near as possible to provide optimum

interface with the trainees.
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The I0S console shall consist of vertical or inclined panels
containing all controls, indicators, displays, recorders, instruments,
lights and any other equipment necessary to conveniently and completely
set up, control and monitor the simulator training miésiqg.

The monitoring, controlling, and evaluating functions shall
be accompliched through the use of both dedicated and multiplexed

displays.

6.2.4.,1 Motion-Rased Simulator IQS

‘The 10S for the motion based simulator shall contain the
necessary displays and controls to permit the instructor to monitor
all training exercises associated with all phases of the SSV mission
except docking and payload operations. The I0S shall be désigned to be
manned by two instructors; one for the Commander and one‘for the
Pilot. Whén training is being conducted-for one creﬁ member, only one
1nstructor shall be requxred to man the console. (

In addltlon to the console, the 108 shall 1nc1ude.
a. One X-Y Recorder | L ;rir  _§_“§
'b. Three éight-channel timé histoff Q'T recorders
c. Two castered, fully adjustable, swivel armchairs
d. One hard copy device fbr réproducing CRT Displays
The instrucfor-oPeratcr console shall integréte five
CRT display units, keyboard units, two visual system monitors,

dedicated displays, a control panel used for functions not accomplished

with the keyboard units, and an audio panel to provide the necessary

1




DATE THE SINGER COMPANY ’ PAGE NO.
1243%;?3 SIMULATION PRODUCTS DIVISION ,  « 6-59
EV. B 6/22/73 BINGHAMTON, NEW YORK ! REP., NO.
C 10/26/73

communications functions for the two instructors and phone jacks for
four observers. A shelf shall provide space for reference materials
(manuals, mission plans, etc.) and for writing.

6.2.4.1.1, Dedicated Disnlays

The following instruments” located in the forward crew
cabin shall be repeated at the I0S to permit monitoring of the
trainee's performance., The instruments shall be grouped in a
configuration similar to thé arrangement on the vehicle's instrument
panel, The dedicated instruments shall be so positioned to pfovide
a reference for both instructers.

a, Caution & Warning Indicators

b. Monitor, Left CRT

¢, Monitor, Center CRT

d, Flight Director Attitude Indicator (Commander)

e. Vertical Speed Indicator (Commander)

f. Barometric Pressure Altimeter (Commander)

g. Airspeed/Mach Number Indicator (Commander})

h. Acceleration Indicator (Commander)

i. Horizontal Situation Indicator (Commander)

'j. Elapsed Time Meter (Commander)

k. Gimbal Position Indicator

1, Monitor, Right CRT

m. Monitor, PMS CRT

n, Flight Director Attitude Indicator (Pilot)
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o. Vertical Speed Indicator (Pilot)
p. Barometric Pressure Altimeter (Pilot)
q. Airspeed/Mach Number Indicator (Pilot)
r. Radar Altimeter
8. Acceleration Indicator (Pilot)
t. Horizontal Situation Indicator (Pilot)
u. True Airspeed/Static Air Temperature Indicator
- v. Elapsed Time Meter (Pilot)
W Rudder Ppéitionulndicator
X. Elevon Position Indicator
* Contingent on Orbiter Panel Layout
- The above repeater instruments shall accurately duplicate
the readings or indications of their counterparf located in the crew
- cabin,

6.2.4.1.1.1 Hand Contrbllgr Indicator

In addition to crew station instruments certain crew
”  §t;ti$ﬁ“éoth6ié suéh_éi.ﬁéﬁdnééﬁﬁfﬁileéé:réquifé.rébeater indicators
‘at the 10S. | |
Thehaﬁd‘Eonéroiief.iﬁdicatbr sﬁali édnsiét af a series
of tell-tale lights and analog displays which will inform the
instructor of hand controller activity. Three lights shall be provided
~ A _

to indicate the location at which the hand controller is being operated]

Commander, Pilot, Orbital Maneuvering Stestion. Eight tell-tale lights

. N , |
§ . : i § i

1
¥
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shall indicate the following position of the translational hand con-
troller: up, down, clockwise, counter-clockwise, forward, aft, left,
and right. Directions of the rotational hand controller shall be
digplayed by these analog meter indicators for: the positive or
negative pitch, positive 6r regative yaw, positive or negative roll.

6.2.4.1.2 CRT Display Xevbosrd Units

Each instructor position at the I0S shall be provided with
two CRT display units. In addition, a fifth CRT shall be located
conveniently between the twé instructors and shall be primarily used foy
the Event Time Monitoring function. Also, each instructor shall be
provided a monitor on which he can view the visual scene presented
to the trainée. |

Each CRT shall have the capability Qf_displaying
alphanumeric or graphic data at any posifion of the I0S at the option
of the inétructor. Each of the five.CRT‘s - .two at the Coﬁmander
instructor stetionm, the two at the Pilot instructor station and the
center-EﬁT ?Hsﬁéii.hévé;aﬁéégé.ég.tﬁé-éémékﬁbol of‘CﬁT péges and shall te

. selected by é keyboard unit located at each instructor position.
Tﬁe CRT's shallloﬁerate indeéendently Sﬁt'iﬁ p;f;i1e1‘so that any
available data can be shown on any CRT and any control action can be
accomplished with any keyboard. The CRT disblay control shall enable
an instructor to obtain a desired display and execute a glven control

. action by depressing a limited number of keys.
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The following CRT pages shall be provided:
a. Event Time Monitor
b. Panel Displays (excluding those provided by
dedicated dispiays).
¢. Energy Management Predictor
d. Malfunction Insertion and Display
e. Circuit Breaker Status
f. Crew Station Set-up Verification
g. Active malfunctions and Tripped Circuit Breakers
_h. Mission Parameters and Summary Display
i. Interface Data Stream and Telemetry Monitoring
j. Enroute and Approach Displays
k. In-flight Refueling *
1. External Environment
mf'.Simulator Reset
r_n. ‘Simulator Status - : i R ( |
| * ‘Not a present Shuttle Requlremen£ ."'_: _"'  t>f§
Each of the display categorles shall be identlfied by a

one or two character mnemonic. The flrst character belng a letter to

identify the category (e.g., E = Energy Management Predictor), and ‘
the second character.f_where théré is more than one pége in the 1
category - denoting the page within the category..- 1

The top line of each CRT shall always contain the following
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a., A one-or two-character display mnemonic identifying
the display. |

b. Symbols indicating the ground station in contact
with the vehicle; if none are in contact, LOS (Loss of Signal) is
displaved,

c. Mission elapsed time (FLT).

‘:d; ‘Simulated Greenwich mean time (GHT).

The space to the left of MET shall be used for a flashin;:
display of mnewmonics of the system page{s) in which astronaut activivy
has occurred during the previous five seconds, It shall be used as a
signal to call up a system page, or to look at the Event Time Monitor
display. The displays shall indicate the simulated time consisting
of three digi;s for days and two digits each for hours, minutes,
and seconds.

The CRT display system shall provide & minimum usable
horizontal and vertical display size of 16 and 12 inches respectively.
The system shall be capable of displaying 80 minimum small charactefs
(0.17 inch) per horizontal line iﬁcluding spaces. A minimum of 30
lines of characters shall be displayed on a page. The display system
shall also be capable of presenting alphanumEfics, graphics, symbols,
vectors and circles. The capabiiity of presenting lines and circles
in dot, dash, dot-dash, and as solid lines shall be provided. Provi-

sions shall also be made for vectors and symbols to blink.
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6.2.4.1.2.1 Event Time Monitor

A CRT located between the two instructors shall be
primarily used for the EQent Time Monitoring function. The display
shall provide a chronological display of the most fecent crew actions.
Each of these linecs shall contain the following data:

a. The name of the control manipulated.

b. The action taken. For a momentary switch, the new
position shalllbe displayed; for a momentary switch, or continuous
control, the direeéion of the most recent motion would be shown.

c¢. The time at which the action occurred.

d. The mnemonic of the panel page involved.

The most recent crew action shallrbg displéyed on the
top line of the CRT. As the next action takes place, it will occupy
the first line, and the previous action will occupy the second line.
When the CRT page is filled, a new crew actlon shall cause the last

[

line to be dropped. E R

624022 Bmelbiselvs
% | Panelidisplays shail‘be‘répeatérsrof spacecraft control
ﬁcéitions égd displays and alsb proviae the“fﬁﬁcfibhé of parameter
override (reference paragraph 6.2.4.1.2.2.1) and parallel switch
operation (refereﬁce péragraph 6.2.4.1.2.2.2); The repeater function
shall enable the instructor to monitor trainee activities and to

observe the reaction of the crew in rectifying errors and malfunctions

and in performing their mission tasks. - e

4 b o e e 2 e e A — ‘I_ . S
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Panel displays shall be categorized according to the
major‘vehicle panels. Each category shall contain one or more
display pages. Pages.shall present to the instructor a display of
the control and indicator positions presented in the cabin. Controls
shall be displayed as.follows:

a. Continuous Controls =~ This type of control shall be
displayed as a vertical rectangle. The scale shall be located within
the rectangle representing the range of the control. An index, also
located within the rectangle shall represent the indication of the
control. The control sﬂall be identified by its name.

b. Continuocus Displays. This type of control shall be
displayed the same as continuous controls.

c. Switches - 4 tabular listing of.Syetem switches shall
be displayed. The listing shall include the switch name and all
available switch positions. The symbol [l shall be placed to the left
of the switch position prevailing in the vehicle; an asterisk (%)
shall be placed to the left of the pOSltan selected by the instructor

.‘_for parallel sw1tch operatlon, or, in the case of dlsplay selectlng
switches for parameter display override.

d. Digital Displays - Those displays shall be presented
in the same manner as in tﬁe veh?cle.ﬂ Commas, decimal points, and
other symbols (e.g., N,S,E,W,+,-) shall be appropriately displayed.

-Quasi'Digital Displays (Flags) - Displays of this

type shall be accomplished by a special symbol.

' : :
' : i 1
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6.2.4.1.2.2.1 Parallel Switch Operation

Provisions shall be made for parallel switch operation
which will allow the instructor to override the position of switches
in the crew station. However, the most recent command shall take
precedence. |

6.2.4.1.2.2.2 Pparameter Display Override

Parameter display override controls shall be located
at the I0S. These override controls shall provide a reading of the
applicable parameter at Ehe I0S only. The parameter display override
shall be usable in two different ways: (1) to view a display selected
by a switch position other than the one present in the Shuttle Vehicle,
and (2) to view the true value of a malfunctioned display. When no
override is commanded by the override control, the applicable I0S
display shall repeat the same parameter and value.as the appropriate

crew station instrument. . . -

| 6.2.4.1,2.3 Energy Management Predictor Display
.This page shall providé a graphic displéy ofAthé critical
parametérs associated with enefgy management, The dispiay shall |
contain a symbol indicating the vehicles currént state, and a
second symbol which shall predict the vehicles future state, Predicted
values of energy imanagement parameters will be displayed in

30 second increments.
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6.2.4.1.2.4 Malfunction Inﬁertion and Display

This feature shall provide the imstructor with the
capability of entering malfunctions into any subsystem of the SSV
and faults into the telemetry.

Malfunctions shall be grouped on pages by system. The
display page shall contain a mix of discrete and variable malfunctions,
one malfunction per line. For a variable malfuﬁction, the range and
units shall be provided. The instructor shall be required to insert
the desired value of the malfunction to be inserted. Provisions shall
also be made for changing the value of a variable malfunction already
in the simulator. Control of variable malfunctions shall be handled
by means of the keyboard unit. Provisions shall be made to provide
the instructor with a visual reference of the malfunctions (faults)
which have been inserted intec the simulator.

6.2.4.1.2.5 _Circuit Breaker Status

LS

Tabular displajs,”orgéﬁized Bf_éysteﬁ or ﬁanel, or

circuit breaker status, shall indicate for each circuit breaker its

‘ statﬁs: normal, permanently failed, or open. The status of any cir-

cuit breaker shall be changed to permanently failed or temporarily
failed by use of this display. Circuit breaker controls at the I0S

shall enable the instructor the capability to include the following:

~
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a, Permanently fail a circuit breaker.
b. Temporarily fail a circuit breaker.
c. Change from permanently failed to temporarily
failed, |
d. Change from temporarily failed to permanently failed,
Circuit breakers shall be displayed by panels., 1In
some instances, it may be necessary to display a panel of circuit
breakers on more than one page, Panels containing a limited number
of circuit breakers may be grouped by panel on a single page.

6.2.4.1.2.6 Crew Station Sctup Verification Display

The capability for the instructor to rapidly verify
the proper position of crew station controls prior to
initiating an exercise by displaying the difference between
desired and actual positions of controis or a.coﬁparison of desired
| and aétuél shall be provided. :Ih addition, theiequipment status
displays shall provide.for a rapid and gross verification of corfect
opéfatign and operationél status of all SMS cﬁmponénts'ahd”subsystems.
This display shall contain three columns headed "Control”;f
"Desired'Positipn",mapq'"Actual_Positiqn".. ?he names of |
controls whose desired and actualrpositioné differ shall be

displayed along with the desired and actual positions. The display
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shall be automatically called up when the simulator is reset to one of
the reset points, The page shall remain displayed until the necessary
corrections are made or overrided by the instructor.

6.2.4.1.2.7 Active Malfunctions and Tripped Circuit Breakers

This disﬁlay shall previde, in one place, a listing of
all active malfunctions and tripped circuit breakers, The instructor
shall be able to clear malfunctions individually or simultanecusly.

This dis pluy shall contain a listing of all the
malfunctions, discrete or variable inserted into the simulator.

The list shall also contain all tripped circuit breakers: those

| permanently failed by the instructor, and those tempofarily failed.
The instructor éhall be able to delete a malfunction or modify a
variable malfunction with this display in the same wmanner as the
regular malfunction display, but he shall not be able to insert
a'malfunction with it, The instructor shall be able to change the
status of a previously failed circult breakers from permanently
failed to temporarily failed and vice versa, . Prov131ons shall be
made to remove all active malfunctions 81multane6uslf..

6.2,4,1.2,8 Mission Parameters and Summary Display

This dlsplay shall provide a sumrmary of. crltical mission
parameters. The parameters to be displayed shall be capable of being
changed for different mission phases, The display shall provide:

a, Summary of critical parameters during a

‘given phase of the mission. The format of the display shall

¢ - : i E '
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be: each line shall contain the name of the parameter, iﬁs value, and
the units in which the value is expressed, Mission parameters shall
be categorized by mission phase which begins at one of the reset
points provided., As the mission progresses, parameters shall be

changed accordingly.

6.2.4.1.2,9 Interface Data Stream and Telemetry Monitoring

This display shall permit the values of any interface
data stream telemetry subsystem parameters to bé monitored, Telemetry
faults can be inserted into any channel and both faulted and true
values can be monitored. The CRT pages used for interface data
stream shall be organized as follows:

~a. Uplink Command Input

b, Uplink Command Summary

¢, Telemetry Monitoring

d, Telemetry Malfunction Insertion

. ‘e, Interface Buffer Monitor R ,
6. 2 A, 1 2, 9 1 Upllnk Command Input Page (UCIR) S T

This page shall provide the capability fbr‘an
instructor tb insert uplink commands into the training‘exércise
while the simulétor is running independently, or integrated with MCC,
-Thé‘command.éntries into the CRT shail be designed in such & manner as
:to be compatible with the mission uélink.command documentation. The

page shall be formatted in such a manner that all entries required
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for the various types of commands which are displayed on the page shall
be line selectable. The format, units, and number of characters re-

quired for each entry shall be defined in the display format.

The last command entered for each type command
shall be displayed in the input field, This display shall appear
on all UCI pages which are being displayed on CRT's regardless of
the one from which the command originated,

An error message shall be generated for illegal
entries and remain for-a period of ten seconds.

An override capability shall be provided to enable
connands from the I0S to be processed regardless of the power
configuration and/or signal strengths, The iastructor shall be able
to select or cancel the override by line input. Incorrect or garbled
commands shall be displayed in a différent format, e.g., hexidecimal,

6.2.4,1.2,9.2 Uplink Command Summary Page - - = - - o e

A command summary page shall be proﬁidedwhicﬂ"will
- dispiay for last Lwenty*five commaﬁds’entered éuriﬁg a tréiﬁing
session the following data;: o
a. The code name for the command.
B. Status of.the commaﬁd_(e.g;; executed, ignored,
~ in-process),

c. The vehicle up-link systém, if redundant or

~multiple units arc on~board, to which the command was addressed.

g T e TR P

sk i T 1
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'd. Originator of the command (MCC, UCIP or any
other system capable of inserting uplink commands),

e, The GMT that the command was received in the

simulated vehicle.

Incorrect or garbled commands shall be displayed in
a different code format, e.g., hexidecimal,

The last twenty-five commands entered shall be re-
corded and available for diéplay on the Uplink Command Summary Page
regardless of whether the page is active on the CRT at the time the

. command (s) were entered.

6.2.4,1.2.9.3 Telemetry Monitoring Page

Sequential pages shall be provided which will display
and monitor all telemetry parameters organized by SSV systems. The
telemetry data displayed shall repeat the parameter values which are
being transmitted to the down-link equipment by the simulated vehicle

”:system programs as modified by the malfunctiéns inserted in the bit
'stream éaffern through.the Telemeffy ﬁﬁifuﬁéﬁioh.fagé;‘ The parameters
shall be identified.by'their T™ number and descriétive engineering
terminology. The values of analog parameters shall be displayed iﬁ
terms of engineering units used by the simulator progréms, i.e.,
dégrees =~ Rankine, volts, aﬁps, pounds per square inch, etc. The
values of discrete parameters shall be displayed as on/off, 1 or O,

primary or secondary, etc,

i . ! { : . e ! ' : i
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6.2.4.1.2.9.4 Telemetry Malfunction Insertion Pagce
| This page shall enable the instructor to insert up

to twenty-five malfunctions into the telemetry down-link data. This pag
shall be formatted in such a manner that each malfunction entered
is tabulated in the order of insertion, and the following data
associated with each malfunction measurement 1s displayed.

a., Telemetry measurement number;

b, Actuzl value (in engineering units)

Ca Failed value

d. Type of malfunction

e. Malfunctilon vélue

The types of malfunctions which may be entered are
as follows:

._a. Static integer/discrete

b, Static bit pattemrn

¢, Drift malfunction

-d. Offset maifunction,

e, Fixed value malifunction
‘*+"_‘“: wf””The 1nstructor entries shall be designed 50 that ‘the
,allowable and required entries are annotated on the scratch pad line.

Error messages shall be provided to inform the 1nstructor of 1llegal

- - be e e e o

operations. S : | I

6.2.4.1,2.9.5 Interface Buffer Monitor

Display Page(s) shall be provided to monitor the
: i ¥
interface data in the transmitted and received format prior to being

decoded for inputs and after packing and formatting for transmission:s,

e
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6.2.4.1.2.10 Enroute and Approach Display

‘atmospheric (Ferry) flights.

The enroute and approach display shall provide
the following types of horizontal and/or vertical profile flight
paths depending on the mode of operation:

a. Enroute.Display

b. Approach Display

The display shall automatically switch to or from
the approach mode when the vehicle position crosses a predetermined

boundary for a selected approach area.

6.2.4.1.2.10.1 Enroute Mode

The enroute mode shall provide the instructor
with a graphic presentation of the vehicle's flight path. This

graphic presentation shall be provided for missions involving

¥ . ) : .
b T SR S e e S L
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The 1nstructor shall be presented a graphic dlsplay
of the vehicle's ground track. The ground track of the course flown
shall be corrected for map distortion. The display shall provide
8 graphic representation in terms of circles, call letters and channel
or frequency of all surface facilities within the area of display.

The enroute mode shall Operate at continuously
variable scales from 1 inch equals 10 nautical miles to 1 inch equals
50 nautical miles as selected from the instructor's control panel.
The control shall be graduated in.O.l nautical mile increments and
incorporate a positive lock to prevent inadvertent movement.
6.2.4.1.2.10.2 Approach Mode

The approach mode shall préesent a magnified display
of the course flown in the approach area with respect to a simulated
navigation facility normally located at the center of the chart. In
this mode the CRT display shall operate at varying scales from 1 inch
equals 0.2 nautical mile, to 1 {nch equals 10 nautical miles as
selected by the instructor- 0perator s control.. The~control shall be
graduated in 0.1 nautical mile 1ncrements, and incorporate a positive

lock to prevent inadvertent movement . In the approach mode, radial

lines and distance circles shall be visxble on the display surface.

The locatlon of the area covered by the dlsplay system shall

be determined by selection of any of the ILS Localizer, GCA, or
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VOR approach facilities., When the simulator comes within the pre-
determined range of a selected navigational facility, the display
system shall automatically switch to the approach mode and shift

the selected facility to the center of the apprcach display,

As the vehiclé approdches to within ten miles from
the airport the display shall automatically switch to a terminal mode,
In this mode a split screen display shall be presented, The upper
portion of the display shall provide an elevation versus range to
touchdown point along an axis representing tén miles in lehgth; the
lower portion of the display shall present azimuth versus range to
touchdown point. The displayed runway heading'and glideslope shall
be defined by the surface facility selected by the instructor,

6.2.4.1.2.11 In-flight Refueling Page

In-flight refueling is associated with the Ferry phase

&

of the SSV mission. The in-flight refueling phase of this mission

.shall be simulated to a limited extent. The effects of on-loading

fuel from the tanker shall be part of the simulator program (e.g.,
increase in.the fuel quantity gauges for the ABES at a constant rate,
change in thé véhicle's CG as the fuel load increases). The instructor
shall be provided with a CRT page for controlling the in-flight
refueling program. Fuel quantity shall be displayed to appraise the

instructor of the progress of the refueling operation.

* Not currently in the Shuttle Vehicle Baseline




DATE 12/22/72

THE SINGER COMPANY

SIMULATION PRODUCTS DIVISION |

PAGE NO. ¢_o5

A 3/23/73
V. . . .
RE B 6/22/73 BINGHAMTON, NEW YORK REP. NO
C 10/26/73
External Enyironment Page

6.2.4.1.2.12

This page or pages shall provide the capability for the

instructor to insert or change reset parameters prior to the start of

a training exercise.

Approprlate changeable reset parameters for each

mission phase shall be identified and the capability to change these

parameters for each mission phase shall be programmed into the page

program.

6.2.4.1.2.13

Simulator Reset Pase

A Simulator Reset Page shall be provided.

To set or reset the simulator for the start of operation

from one of the 20 reset points, from a safe store point, or from a

write-reset point, the instructor shall first call up the Simulator

Reset Page. The display on this page will contain the following lines,

each with an identifier:

selected.

a. Twenty lines with the name of 20 reset points

b. One line labeled "SAFE STORE"

¢. One line labeled "WRITE-RESET"

To reset the simulator, the appropriate line will be
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6.2.4.1.2.14 Simulator Status Pagg

A simulator status page shall be provided to assist the
instructor or operator in performing a "morning readiness check" of the
simulator. This program shall enable the operating personnel to deter-
wine if the simulator is ready for operation. The check shall utilize
automatic sequencing through a series of standard static outputs
utilizing the normal iteration rate of the simulator program. These
tests shall enable the operator to visually ascertain that the sub-
systems = visual, DCE, computer and sound - are opereting properly.

6.2.4.,1.3 Simulator Control and Display

Control of the simulator shall be from the I0S. The

instructor shall be provided controls at his console for those functions

not accomplished through the CRT display system. Since the 1I0S will
be manned'by one or two instructors depending on the training exercise,
sufficient controls shall be available for ei;her instructor to
, éondﬁcfua'tfaihingwékercisehf?omrﬁis §bsi;ipﬁ;  ¢oq§f§f; and JESplays
shall includé the'follgﬁing fuhdfions: f” ;'jm“i'jmmg-“
_“a._:Simulatbr Status e erL;I". .
b. Operate Controls. |
:;c. =Record/Playback..'i:;:- M”mim““_“L   “i..-”. P |
d. Communications Control |
‘e. Lighting/Sound Controls  ~
f. Graphic Control =~ 1 . - |

: ; ' : ; . ; : |

-4
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~g. Monitor Select
h. Console Speaker

6.2.4.1.3.1 Simulator Status

The instructor shall be provided a visual indication
from thch he can determine the status of the simulator and its
associated subsystems. Status of the following subsystems shall be
included:.visual power, DCE, computer, and motion. Indicators shall
be provided to alert the instructor when maintenance is in progress.
Lights shall also indicate when a subsystem is ready for simulator
operation to commence. Indicators shall be provided to denote fhat

the visual scene for a vehicle window is ready to be portrayed. The

‘status of the visual system image generators shall also be displayed.

6.2.4.1.3.2 Operate Controls

Sufficient controls and indicators shall be provided
oo permit safe operation of theléimulator. Controls shall be provided
for operatlon of the sxmulator ltself, the motion system and control
loading system,.and the v1sua1 system h Slmulator controls shall be
provided to operate the simulator at variOus speeds (Normal Fast, 1/10

and 1/20 speed). Controls shall also be prov1ded to permit MCC to be

}Lntegrated into the tralnlng exercise. An Emergency stop switch,

appropriately ldentlflEd, shall be prov1ded whlch w111 remove a11

'prlmary power from the simulator, and return the motion system, if it

is activated, to a stowed position. The following spec1al function

1
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controls shall also be included:
a. Automatic Freeze Disable
b. Freeze
¢. Reset
d. Write-Reset
e. Step-Ahead
f. Safe-Store

6.2.4.1.3.2.1 Automatic Freeze Disable Control

This control when activated shall cause the simulator
to be stopped automatically when defined simulator conditions have
been exceeded. Parameters which have been éxceeded shail be displayed
on the CRT.

6.2.4.1.3.2.2 Freeze Control

Activation of this control shall cause the computer

to enter the freeze mode. In this mode, integrations and time varying

functions shall be held constant. SRR

6.2.4.1.3;2.3n:'Reset Contféll_

| | ! Upbn iniﬁiating a reset, the siﬁdlator shbuld Be
initialiééd_tdjé-ééécifiéméét.of iﬁitial conditions. “Thése-conditions
shall be such that, from reset, the consumables, switch positions,

- on-board c0m§utefmodes,'éﬁd“frajééidff cha£éétefi§EiESméxé représen-
tative of the mission ﬁlanning documentation. Reset conditions shall
be displayed on the CRT and the instructor shéll_have the option of

changing parameters through the CRT keyboard.

T T T T S S S T S S S S S E S S SR
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6.2.4,1.3.2.4 Write-Rese* Control

| This control shall provide the capability to store,
at instructor option, without interrupting the real time simulation,
those values in memory which are réquired to reinitialize the sinmlator
hack to this point,

6.2.4,1.2.2.5 Step-Ahead Control
2

This control shall provide the capability to advancce
or retard the mission a preselected increment of time which is entered
into the keyboard by the instructor, During this mode, the computer
shall execute the required programs at least 40 times faster than real
tine,

6.2.4,1.3.2.6 safe~Store Control

This control shall cause the si%@lator to periodically
store, at least once eﬁery minute, without interferring with real-time
simulation, those values in memory which are required to subsequently
reinitialize the simulator back to this poinﬁ. Sufficient safe store
‘pointsshall bé proyidég to éoﬁé? a pgriod"of_eigﬁi_bﬁgrs,mi:mé

_6.2.4.1;3.2.7 Motion System Controls

operational control of the motion system shall be
from the 10S. The following controls shall be ﬁrovided:

‘a, Motion Ready Indicat@r
b, Motion ON-OFF

¢. Control Loading ON-OFF

d., Tilt Control
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6,2.4,1,3,2,8 Visual Control

The following controls shall be provided on the
console to permit control of the visual system by the instructor,

a, "READY" light

b. "OPERATE' switch

Provisions for establishing the time of day of the
visual scene, control of the visibility level of the visual scene,
and the cloud content (cloud base and height) will be through the

keyboard unit,

-3
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6.2.4.1.3.3 Record/Plavyback

These controls, in conjunction with the keyboard, are
used to record the trainee's performance and play it back at a
subsequent time. The following controls shall be located at the I0S.

a. Operate

b. Record
¢. - Playback
d. Stop

6.2.4.1.3.4 Communications Control

Each instructor shall be provided.with a voice
communication terminal which shall allow selective voice communication
within the SMS complex as well as with facilities related to an
integrated simulation. The instructor may select either simulated
loops, or select simulator-peculiar suppiementary loops which shall
provide direct communications with the crew station modules, MCC and
maintenance areas. The loops which shall be under cqnt;ol of the voice
_communicatioﬁs terminal are: o

1) Simulated Spacecraft loops which shall include,

a) S=-Band
b) VHF-1
¢) . VHF-2 A “

d) Interphone Communication System

These loops shall be under computer control and

powered by the simulator. Talk/Listen and monitor selectability shall

L
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be provided. The loops shall be'capable of interfacing with MCC in the
SMS/MCC integrated mode.
2) Astronaut Loops between the I0S and the Cockpit which

%

shall include,

a) AL-CS - Instructor to the Commander Work Station

b) AL-LS - Instructor to the Pilot Work Station

¢) AL-MSS - Instructor to the Mission Specialist
Station

d) AL-PS - Instructor to the Payload Specialist

Station

e) AL-MS - Instructor to the Manipulator Work Statios

£) AL-ER - Instructor to thé £ Axis Rendezvous
Work Station
These loops shall be independent of computer control and powered by

- MCC interface power when integrated or by simulator power when not

"integrated. . )
| - “35 .666ré§nation 1oopé bétween the SMs I0S and MCC in the
SMS/MCC integrated mode which shall include,’

a) SM - The Simulation Coordinatioﬁ loop between‘
SMS and MCC instructors. Talk/Listen and monitor selectability shall
be prévided. This 1dop shall be‘indefendent of computer control

and powered by MCC interface power.

i
1

|
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b) Flight Director Loop = This loop shall be
independent of computer control and powered by MCC interface power.
A monitor only selection shall be provided. ”

¢} GOSS (Ground Operation Support éystem) - This
loop shall be independent of computer control and powered by MCC inter-
face power. A& monitor only selection shall be.provided.

d) SMS/TLM - This loop shall be independent of
computer control and powered by MCC interface power. A Talk/Listen and
monitor selectability shall be provided.

4) Maintenance Loops between the I0S, Simulator
peripheral areas and MCC when integrated in the SMS/MCC mode.
Three maintenance loops shall be provided. Talk/Listen and Monitor
selec;ability_shall be provided. The loops shall be powered by

MCC interface power when integrated or by simulator power when not

integrated and be independent of computer control.

Ty
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6.2.4,1.3.5 Lighting/Sound Controls

Controls shall be provided at the I0S for the
simulated sound, and the lighting of the instructor’s console,
Operation of the sound system shall be through an ON-OFF switch
and a control for the intensity of the sound, The control panel
lighting shall be varied thfough two controls; one for the intensity
of the panel lights, and one for the intensity of the indicator
lights., A capability shall be provided for testing the indicator
lamps for operability. A lamp test shall be provided for each
position at console, i,e,, Commander instructor, and Pilot instructor.

6.2.4.1.3.6 Graphic Control

These controls provide the instructor with the_
capaﬁility to control therpresentation on the gfaphic display or
visual monitor. Control is alsp provided for manually qhanging from
. the enroute mode to the approach mode or vice.versa, and varying the
" scale of the display beihg preseﬁted;' Prévisioﬁsréhall also be made
for selecting the center of the presentation'froﬁ aircraft oriented
to airport oriented. The followihg controls shall be provided as
a minimum:

a, .Eﬁroute-

b, Approach
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¢. Chart Scale
d. Airport CEart Select
e, Aircraft Chart Center
f. Airpgrt.Chart Center
6.2,4.1,3.7 fonitor Sclect

Provisions shall be made for the instructor to
monitor the visual scene as portrayed at the various crew positiecns,
Tell-tale lights shall illuminate when a visual scene is present in
any of the crew positioﬁ windows. The following controls shall be
provided for the instructor to select the visual scene he wishes to
view on the visual monitor located on his console;

a, Left side window

b, Left quarter window

c., Left forward window

d, Right forward window

e, Right quarter window

£, Right side window

6.2.4.1.3.8 Consgole Speaker

A‘speaker shall be located ét the 10S. The héééssary

controls shall be provided to activate the speaker, and to control

the intensity of the volume.
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C.2.4,.1.4 In-Cockpit Instructor Station

Provisions shall be made for an instructor station within
the crew cabin of the motion-base simulator, This station shall only
be used when the Mission Specialist and Payload Specialist’s seats
are not occupied. The instructor seat shall be portable and installed
prior to a mission reéuiring an on-board instructor. Fittings shall be
provided in the simulator to permit the installation and removal of
the scat with a mininun effort and within a short period of time,

The seat shall be located in the forward crew cabin, just aft of the
center console,

Sufficient controls and indicators shall be provided to
permit sale operation of the simulator. Controls shall be provided
for operation of the simulator itself, the motion system and controi
loading system, and the visual system. Simulator controls shall be
provided to operate the simulator at various speeds (Normal, 1/10 and

- 1/20 speed). Controls shall also be provided which permits MCC to be
integrated into“;he tféiningrexercisgf An;gmergén;y stop switch,
appropriately identified, shall be provided which will remove all pri-
mary power from the simulator, énd rgtgrnmﬁhg_motion system, if activated,
to a stowed position. The simulator shall auﬁomatically be stoppeq Whe?
any of the preselected simulator paramétefs are éxééede&. -The instruc-
tor shall be provided an indicator to inform him that the simulator has
beecn étépped for this reason. Tﬁe instructor shali.béuprovided.the

- capability of ihsérting any one of the 20 reset points- from this

position. The capability to insert malfunctlons shall be provided from

i

the in-cockpit instructor station.
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6.2.4.1.5 Telemetry Operator Station

| The Telemetry Operator Station serves to incorporate uplink
commands and telemetry data into the training exercise. Oné'Telemetry
Operator Station shall be provided to serve both the fixed-base and the
motion-base simulators. One operator shall be required at this station.
This station shall consist of a CRT, a keyboard unit, and a communica-
tions control panel, A shelf of sufficient size shall be provided at
this station for reference material and for writing.

6.2.4.1.5.1. CRT Display/Keyboard Unit

The CRT display/keyboard unit shall furnish the Telemetry
Station operator with the necessary displays and controls to moniter
mission performance and enter all data associated with the telemetry
and. iﬁterface data function. The CRT shall be c..apable of providing
both alphanumeric and graphic data. The operation and display require-
ments of this CRT/Display Keyboard unit shall be identical to the re-

quirements described in paragraph 6.2.4.1.2.

B e e
J i

:6.2!4;1;5;2_“ 5tation éontfols A :,;“,1, f‘?;_?mf. N
e The Telemetry Operatof Stafion ﬁiil';oﬁtain ndlcontrols
associated with the operation of the Simulator...A'vdicé communications
terminal shall be provided for the necessary communications with the
tréiﬁée(s), ofher instructors aﬂduﬁéfsonnel in.supporthaf”fhe tfaining
_ . , S _

i

exercise.

| .

i

6.2.4.2 [Fixed-Base Simulator IOS Complex

The fixed-base simulator IQS_sh311 cq§5ist_§f_f;Ye positions

O PN SO

— l:____m4_.;_.-.{,___....-_....-.,.....n. e (I TR B SRR e : e e
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arranged into a composite station. Because of the number of instructors
involved, the IOS complex shall be designed in modular form. One
module shall consist of the Commander-Pilot I0S, a second module shall
comprise the OMS I0S., This modulé shall be located adjacent to the
Commander position of the Commander~Pilot I0S. The instructor assigned
to the Commandef will also operate this station. Located near the
Commander-Pilot I0S, will be the remaining I0S modules. One module
shall be used for monitoring the activities of the Mission Specialist
and Payload Specialist; the other for the telemetry operator. The
telemetry I0S shall be used to service both the fixéd-base simulator
and the motion-base simulatﬁr. The design of the statioms shall

-ﬁgfﬁit each position of the IOS.compiex, egcepﬁ fhe T/M position, to
operate the trainér. | -

The I0S complex shall use CRT'é and keyboard units as the
principal means of controlling the training operation and to monitor
crew performance. The CRT's shail operate independently but in
mpaféllei'Sb fhat“;h§aiailabie data can be shown on any CRT and any
éoﬁtrol action éan be accomplished ﬁith any keybéard. The I0S shall be
capable of being operated by one man, but can accommodate as many as
four. In addition to the instructors, up to four observers shall '
 be capablé of monitoring the traigihg; Eqﬁiﬁﬁeﬁtmcbhéiderations for up
to four observers shall be limited to phone jacks.

A shélf shall be pro#ided at each 10§ position and be

gufficiently large to provide space for reference material and for

writing. T R T IR S
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In addition to the IOS consoles, the fixed-base 10S
complex includes: -

a. One X-Y Recorder

b. Three éight'channelAtime history X-T Recorders

c¢. Four castered, fully adjustabie, swivel armchairs

d. One Hard Copy Device

6.2.4.2.1 Commander-Pilot I0S

The Commander-Filot I0S for the fixed-base simuiatcr shsll
be identical to the I0S for the motion-based simulator. The I0S shall
include all the features and provide the instructor with the same
capabilities offered in the motion-based simvlator. The only changes
in the two I0S's shall be in the area of the motion-tilt system. These
controls shall be eliminated on the fixed-base IOS.

6.2.4.2.2 Orbital Maneuvering Station I0§S

The OMS I0S shall be designed to be manned by one

instructor. The OMS I0S shall provide the capability for controlllng

'and monitoring training at both the 2 Axis Rendezvous and the Manlpula-
tor Work Statioms. The IOS console shall consist of vertical or in-
clined paﬁels containing all controls, indicatoré, displays, recorders,
"~ lights, and any other equipment necessary to set-up, control, and moni~
tor the simulator training mission. As a minimum, the instruments and
indicators specified herein shall be installed to permit convenient
monitoring of the trainee by the instructor. Controls shall be pro-
vided to permit convenient control of the training situation by the
instructor. A shelf shall be provided at the OMS I0S of suff1c1ent

size to provide space for reference material and for writing.
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The OMS 10S shall consist of a CRT monitor for observing
visual scenes presented on the aft visual system.. In addition, two
TV monitors shall be provided which are repeaters of those located at
the OMS in the crew cabin. | -

6.2.4.2.2.1 CRT Display/Kevboard Units

The OMS I0S will be located adjacént to the Commaﬁder's
position of the Commander-Pilot IOS. The OMS instructor shall be pro-
vided an alphanumeric CRT, and a monitor for observing the visual
scenes presented at this ststion. A keyboard unit shall be located at
the 0iiS I0S and shall operate in conjunction with the above CRT unit.

The operation and display requirements of this CRT/
Keyboard/display unit shall be identical to the requirements described
in paragraph 6.2.4.1.2. | |

6.2.4.2.2.2 Dedicated Instruments

. The following inmstruments* located at the OMS shall be

- repeated at the IOS to permit the instructor to monitor-the trainee's

S O AP OD RS SIS SOOI SO U NG S SO SV BN T

i

O Sy P
d i ]

a. Right Bbom Position Indicatorii -

51 Left Bobm Poéiﬁion iﬁdiégfdfm
c¢. Camera Atﬁitude Indicators
4. Camera Rang'é""igqicaeor o
"~ @, Camera Range Rate Indicator

f. Caution and Warning Indicators .

~g. Monitor 1.
- L
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h. Monitor 2
* List is contingent on final C&D layout

6.2.4,2.2,3 8Sinulator Control and Display

The IOS control panel shall contain the necessary

controls and indicaters for operation of the I0S, The controls and
indicatoro shall complenent those functiens accomplished through the
CRT display system. Controls and displays shall include the following
functions:
a. Qperate Controls
b. Voice Communication Terminal Controls
c. Visual Window Select Controls
d, Lighting/Sound Controls
Operation of ohe above controls shall be the same as those
located on the Commander-Pilot ICS and are described in 6.2.4.1.3.
A differenco'does"éxist io_the_Visual Window Select Controls,
The Visual Window Select panel Shall'provide the
rﬁiootrootor with the oecessary controls to select a scene‘being'“
portrayed on one of the aft w1ndows. Seleotlon of an aft window to
.be dlqplayed on the Visual Monitor shall be through a swltch light.
e‘l tale llghts located above the switch-lights shall indicate

the w1ndow at whlch a visual scene is being portrayed ‘The
following switch lights, when activated, shall call up the appropriate

- window scene on the visual monitor. =~ . 1




DATE THE SINGER COMPANY ) | PAGE NOw« .
Al‘;ﬁ%;;g SIMULATION PRODUCTS DIVISION ~ %6-- 94
B 6/22/73 BINGHAMTON, NEW YORK REP. NO.
C_10/26/73

a. Overhead Left Window
b. Overhead Right Window
c. Aft Left Window

d. Aft Right Window

6.2.4.2.3 Mission Specialist/Payload Specialist iOS

The MS/PS I0S shall be designed fé be operated by one
instructor The instructor shall be provided with all the controls
necessary to operate the simulator. The MS/PS I0S shall integrate two
CRT display units, a keyboard unit, TV monitors, dedicated displays,
a control panel for functions not accomplished with the keyboard uunit,
~and a voice communiga;ion terminql to provide.the necessary communica-
tions functions. A shelf of sufficient size shall be provided at the
station for reference material and for wgiting.

6.2.4.2.3.1 CRT Displav/Kevboard Unit

; The CRT display/keyboard unlt shall furnlsh the MS/PS

‘ 1nstructor w1th the necessary displays and controls to monltor the
k_mlssion performance of . the tralnee(s) _ Elther CRT dlsplay unit shall
zbe;capable of displaylng both alphanumeric and graphic data. The

| oﬁéggélgn-éﬁd”&iSpiéy ré&difeméﬁté‘of'thié CRT/dispLay keyboétd unit
shall be identical to the requirements described in paragraph 6'2'4'1'2F

6.2.4.2.3.2 Dedicated Displays

The following instruments located at the Mission
Specialist and Payload Specialist's station shall be repeated at the

10S. (List TBD).
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6.2.4.2.3.3 Simulator Control

~The I0S shall contain the necessary éontrols and indica-
tors for operation of the 10S. The controls and indicators shall
complement those functions not accomplished.through the CRT display
system. Controls and displays shall include the following functions:.
- a. Simulator Status
b. Operate Controls
c. Voice Communications Terminal Controls
d. Lighting/Sound Controls
e. Record/Playback Controls
f. Speaker Controls
Operation of the above controls shall be the same as those
located on the Commander-Pilot I0S and are described in‘paragraph
6.2.4.1.3.

6.2.4.3 Simulator Status

&

A simulator status '"morning readiness' check prdgram'shall
beprovideh.{ This_pfogram shall enable opératiﬁg personnel to
.determine if the simulator is ready for bperatiéﬁ.u The check shall
utilize automatic sequencing through a series of standard static
outputs utilizing the normal iteration rate qf the simulator program.
These.tests shall ehable the Ope;étor~to ascertain visually that all
subsystems of the simulator are performing properly. The subsystems

- shall include, but not necessarily be limited to: wvisual DCE, computer
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and sound. Provisions shall be incorporated to step through the

 simulator diagnostic program incrementally to verify the desired

output at each step. The program shall not require more than 30
minutes running time.

6.2.4.4 Lavout Mock-Up

A full-scale mock-up of the instruétor-operator station(s)
shall be constructed at the contractor's plant to support the FDR
and CoR requirements relative to the overall layout. Where major
components are duplicated on the console (e.g., CRT displays) only one
need to be modeled in detail. The model shall be as complete as
necessary to permit evaluation of the general arrangement and installa-
tion of the following equipment as applicable.
a. Location of the instructor-operator station(s) with
respect to crew compartment stations.
b. Instructor operator flight compartment controls
;c. Full scale replica of all cablnets and panels lncludlng
coﬁﬁroié”énd indicators located in the instructor-operator areas.
-d. Instructor chairs If; Q'ﬁ:“é“‘;”fﬂ*
e; iightihg arrangement | |

f. Sample of panel painting and engraving
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6.2.5 Ancillary

6.2.5.1.1 Cue Reauirements

a)
b)
c)
d)
e)
£
8)
h)
1)

a)
5
c)
d)
&)

and rate of change.

2

The sounds to be simulated shall include, but not be

limited to, the following:

Asceht

Orbit

Rondazvous

Docliing and Undacking
Payload Operation
Deorbit

Entry

Approach and Landing

Ferry Operation e

Abort i 5‘.‘.;1‘

limited to, the following:
Engine and Motor Operation
Hydraulic Syétem Operation

Electrical System(s) Operation

Fooripment (G26#1.3 and 2.3)
6.2.5.1 Aural Cue System

The sounds which are conspicuous in the SSV shsll be
simulated with respect to location, frequency content, amplitude,
These sounds shall be appropriately simulated

during all phases of simulated vehicle operation including, but not

e .

Pressurization System Operation

Airconditioning System Operation
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£) Landing Gear Operation

g) Speed Brake Deployment

h) Drag Chute Deployment

1) Airflow Noises

j) Structural Noises

k) Pyrotechnic Separation

1) Separation Noises

m) Fuel and Oxidizer Venting

n) Payload Bay ﬁoor Opening and Closing

o) Docking Ring Exteusion, Mating and Locking

p) HManipulator Arm Mating and Stowage

q) Cargo Latching and Unlatching

r) Caution and Warning Aural Cues

Each sound shall be independeﬁtly adjustable before mixing
into a total composite sound signal. The following instructors shall

have intefloéked ON—OFF/vblumé-cbhﬁrdigmfoﬁrthe cbmposiéé'sound signal:

b) Pilbt
c) OMS

d) MS/PS
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6;2.5.1.2 Operational Features

The aural cue system shall be a real time acoustic effects
generator suited to the production of computer controlled sound effects,
It shall be capable of producing both normal and abnormal sounds which
are heard by the crew members in the MBCS and FBCS .

Each event to be synthesized shall be generated by producing
acoustic signals characteristic of the proper frequency, timbre,
density, and timing. The aural cue system shall also be capable of
generating the directional espect of each aural cue.

The blendirg of the various sounds shall be controlled hy
the simulator digital computer program as a function of parameters
such as cngine soaod, airspeed, etc. The intensity of the composite
audiolfor each crew station shall be controllable from tﬁe associated

Instructor operator's station between the limits of “off" and "normal'.

6.2.5.1.3 Test Features

| Sultable dlagnostlc programs and automatic built-in .test
features for the aural cue system shall be provided | ‘These features
shall be controlled at the Instructor Operator Station,

6 2 5.1.4. Uodate Caoability

The Aural Cue system design shall be such that changes o~
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additions to the aural cues can be provided without major system

change or hardware addition.
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6.2.5.2 Simulator Power Hardware
6-2-5.2.1_ General

The contractor shall provide two power distribution systems
one for the Motion Base Crew Station and one for the Fixed Base Crew
Station which shall interface with NASA furnished power sources having
the following characteristics.,

a) Three phase Y;connected, 4 wire, 120/208 vAC, with a
maximum voltage variation of plus or minus 8%, with transient drops
frém a nominal 120/208 VAC of up to 15% for a 0,25-second duration,
meximum frequency deviations of +37%, and transient recovery time Ior
frequency of not more than 3 seconds to return to nominal value,

b) 277/480 VAC 60 Hz, three phase power,

c¢) Single phase 115 VAC 400 Hz power,

6.2.5.2.2 Circuit Design

* The Power Distribution System cirquit design shall include
an adequately fused main power switch to_shut off all power tﬁfthe SMS
'Qiﬁhoutlaiééﬁﬁnéctioﬁ from thé powerr;oﬁréé;nwgﬁiiﬁAiééto¥ light shall
be provided to indicate when primary powersuppliéﬂ to :he.eqﬁiﬁment is
én; Thé SMS shéll maintain normal uninfefruptéduébérééion.f;?all
voltage levels above 105-VAC.

- The SMS power factor shall be greater than-SSZ and the

unbalanced current between lines shall be less than-lS%nbf the average

of the current in each of the three legs.
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Proper control logic shall be implemented to assure that the
various power loads are sequenced into operation, reducing the surge
current demands.

aAll power'distribution circuits shall be adequately pro-
tected by cireuit breakers. Additional protective devices shall comply
with best commercial practices and the National Electrical CTode. An
emergency power-off system shall provide readily accessible switches
located throughout the simulator. Activation of these switches shall

remove all power to the simulator.

6.2.5.2.2.1 Beijiey Povex

A 115 volt, 60 Hz utility electrical power circuit, de-
signed to operate from the main power supply unit shall be provided.
The circuit shall be capable of operating while fhe remainder of the
SMS power is off. The circuit shall contain the lights and utility
outlets required for checkout and trouble shooting the equipment.
6.2.5.2.2.2 . Elapsed Time Indicators SRR
 Elapsed time indicators shall be installed in the power
(supply equipment cabinets and shall give sepgraté indications of the
time that the main power is being supplied'td the cbmputers and each
major subsystem of the SMS, The indicators shall have at least five
digits in incrementsrof one hour%to give indication up to ﬁ total of
99,999 hours. Indicators shall not be required ng the utility power

circuit.
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6.2.5.3 Central Timing Equipment (CTE)

6.2.5.3.1 CTE Function and Operating Modes

The CTE shall receive, generate and transmit continuous
timing signals to various systems in the SMS complex, The equipment
will have two operating modes: (1) "non-integrated, which shall be
active when the SMS is in an independent mode; and (2) “integrated",
which shall be active when the SMS is operating in an integrated mode
with MCC,

6.2.5.3.2 GFP Signals

NASA shall supply a cne minute pulse, a one second puise,
and a 1 MHZ pulse to enable synchronization between time dependent
elements of the complex.

6.2.5.3.3 Synchronization Requirements

6.2.5.3.3.1 SMS/MCC Integrated Mode of Operation

When the SMS and MCC are operating together, the simula-
tion shall be synchronized by use of the GFP signals.r.Either ’
 the MBCS or the ?BCS;'But not both simultaneously, shall operate "

-synchroniz.ed with MCC. . S . ST S

6.2.5.3.3.2  Internal SMS Synchronization = .

The contractor shall supply all timing signals other than
the GFP signals to enable the SMS to ﬁuhétion correctly, These signalsi

L

- shall include those required to interface the GFP_flight hardware,
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6.2.5.4 Hydraulic Svystem Hardware

The.hydraulic pump, motor, heatlexchanger. reservoir and
other equipment associated with the generation of hydraulic power shall
be located in the area.designated on FIG. 6.2 -1II. Tge arrangement
within this area shall be coordinated with NASA to accommodate power
equipment for 2 additional simulators, thus a possible arrangement is
shown on FIG. 6.2.5.4-1. Therlayout for this equipmént with electrical

power and water requirements, trenches, noise levels, and installation

requirements shall be submitted with the proposal.
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6.2.5.5 Interface Cabinets

Interface cabinets, where required, shall be provided to

enable ease of wiring modifications.

6.2.5.6

Intercommunications

The intercommunication stations shall be located so the
operators at the consoles, crew station, and ancillary equipment of
the SMS shall be able to comnunicate with each other on a netﬁork basis.,

Each instructor shall be provided with a voice communication
terminal which shall allow selective voice communication within the
SMS complex as well as with facilities related to an integrated simu-
lation. The required voice loops are defined in paragraph 6.2.4.1.3.4.
'The instructofs may select either simulated links, or select
simulator-peculiar supplementary loops which shail provide direct
communications with the crew station modules, The voice terminal shall i

consist of an audio control panel and a communications selection

switching unit.

Cabling

6.2.5.7 | .
| CFE cables shall be provided for;interconnecting SMS equip-

ment. A cable routing installation drawing shall be developed to
specify proper routing of cables to avoid electromagnepic compatibility

problems.
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6.2.5.8 External Signal Interfaces

The Shuttle Mission Simulator is required to fnterface with a

large number of devices in order to provide the various part task and
fully integrated mission training functions.

These interfaces have been subdivided and categorized below
according to work package breakdown.

The SMS contract shall satisfy these interface requirements,
utilizing GFE where available, as identified in Exhibit (2), and prOVid?
Interface Control Documents defining detailed signal requirements.

(Reference Exhibit (2), DRL Item #32).
6.2.5.8.1 Motion Base Crew Station Simulator Signal Interfaces
The following signal interfaces shall be provided for the
Shuttle Motion Base Crew Station simulation. |
a) MBCS/GSSC Interface
b) MBCS/Audio Communications Interfaces
c) MBCS/Central Timing Equipment Interface o

- d) MBCS/GSSC Interface Software
6.2.5.8.1.1 MBCS/GSSC Data Interfaces o o |

- - The SMS/GSSC Data Interfaces shall proﬁide the capability|’

of combining the Ground Support Simulation Complex and the SMS into one
integrated training network. , ¢ i
Interface between the two bu#ldings~§hall be accomplished
by serial data transmissions between computers. Three different sets
of lines will be provided for theVGSSC to SMS Command Interface, for the

P i
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cC 7/27/13 ,
SMS/GSSC two way trajectory data link, and for the SMS to GSSC Block II

Data Telemetry Link.

The contractor shall provide the necessary hardware for
interface with these networks. The SMS shall provide all trajectory
data, configuration/mode data, communication system signal strengths,
contrel functions for voice and data tape recorders, computer master

timing, and telemetry data.

6.2.5.8.1.1.1 GSSC-to~-SMS Cormand Data Interface I

The GSSC shall transmit 2360 bps to the SMS to provide

|
up~link comzand data, tréjectory data, Message identification, Validityg
tags, and computer status. The SMS Interface will be with a Bell Systeé
type 201A modem. The dividion of the data for each frame is as follows
| 44 bits - DCU transmission/Validity data -
48 bits - Packed Message 1D discretes, computer status
discretes, Message Validity tag. (Total 48
- : discretes) : | E . ”{-:' ; _.f

144 bits- Packed Command Up-link Qordé (6-24 bit words)
 The update commands shall originate with MCC in the GSSC

loop during integrated training sessions. Commands shall be insertable

by the instructor in all modes of operation.

6.2.5.8.1.1.2  SMS/DCU/GSSC_- Block I Data Interface
The SMS shall interchange data with the GSSC to provide

Trajectory data, Time Tags, Computer Configuration/Mode data, Target
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information, Communication System signal strenéths, Message 1D, and
vValidity tags. The SMS shall interface with a Digital Conversion Unit
(DCU) in Building 5 which in turn interfaces with Bell System Type 301B
Modems for full duplex serial traﬁsmission of data to the GSSC. Data
transmission rate shall be a waximum 40.8K bits per line.

Each message exchanged between the SMS and the GSSC

shall contain a message time tag. The data within the interface messagT
shall be valid for the GMT of the message time tag. Whenever SMS or i

[
i

target vehicle state vector information is being transferred in an inter-
i

face message, the inertial state vector shall be referenced to the timEE
tag of that respective message. All time tag interface messages sholl %
be referenced to the SMS RTCC Greenwich Meridian Time (RTCC-GMT) which
is defined as a time measure of elapsed days, hoﬁrs, minutes, seconds,
and deciseconds at the Greenwich Meridian from midnight of December 31
of the year prior to the launch. The GMT at midnight of December 31-

January 1 of the year prior to the launch is defined to be an RTCC-GMT

of: DAYS-001:HRS-OOMIN-00:SEC-00.0.
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The division of data is as follows:
ol 4
ni wn
G
ol 8| =
o &
o v w o
+ v w ISR YRS
0 =Sl vl o —ow
0 | ] G| meen
64  DCU Transmission Validity Data 20 X 11280
32 Messare I.D, and Computer Validity Tags 20 X 640
64  Simulator Configuration Data 20 1X 1280
64  Lift OfFf Time <0 A 1z280
64 Frame Time 20 1 X 1 X 12560
64  laster Clock Time 20 [ X | X 12550
64  Event Time 20 P X 11220
512 Shuttle Vehicle State Vector 10 X 1 X 10240
512 Torveet Vrhicle 1 St-te Vector 10 [ 1 X 12s0
512 Taraet Vehicle 2 Srate Vector 10 11X 17740
512 Taxrecet Uohicle 3 State Vector 10 [ X [ X 10240
212 Target Vehicle 4 State Vector 10 (X | X 10240
512 Target Vehicle 5 State Vector 10 11X 1 X 10240
512 Target Vehicle 6 State Vector 10 [ X 1 X 10240
512 Target Vehicle 7 State Vector 10 iX 1X 10240
512 Tarpet Vehicle 8 Statc Vector 10 |X iX 10240
- e !
32 Target Vehicle I.D, 10 [X "X | 640
96 Commanded Attitude 20 X | 1920
32 H or V Reference 20 X | 640
32 Time of Tenition 20 X | 640
32 Time of Burn 20 X { 640
128 Communications Data 20 | X 2560
96 _ Communications/Recorder System Data 20 |X 1920
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Each Shuttle Vehicle or Target State Vector is defined as follows:

X Position 64 Bit Double Precision

Y Position 64 Bit Double Precision
Z Position 64 Bit Double Precision
X Velocity 32 Bit Single Precision
Y Velocity : 32 Bit Single Precision
Z Velocity 32 Bit Single Precision

X Acceleration 32 Bit Single Precision
Y Acceleration 32 Bit Single Precision
Z Acceleration 32 Bit Single Precision
- Roll Attitude 32 Bit Single Precision
Pitch Attitude 32 Bit Single Preéision
Yaw Attitude 32 Bit Single Precision

. Configuration 32 Bit Single Precision

512 Bits
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No additional transformations shall be required on SMS
Trajectory parameters prior to formatting for transmissions.

6.2.5.8.1.1.3 SMS to G§§C-Block 2 Data Interface

Block 2 data shall consist of telemetry data informa-
tion. The telemetry data transmitted shall be formatted identical to
the shuttle real world PCM telemetry format. The measurements and the
channel assignment, rate of samples per second bit distribution, and
total system capacity shall be as specified in Addendum B and the ICD.

(Reference Exhibit (2), DRL Item #32).

Telemetry data transmission shall be at a 10 per second
iteration rate. Each frame of data transmitted shall consist of 12,800
bits of data. The interface shall be via coax lines at a rate of 128K
bits per second per line,

6.2.5.8.1.2 MBCS Audio Communications Interfaces

All MBCS audio communication hard line interfaces will be
accompllshed through the MCCSF/CCS audlo dlstrlbutlon network. Pro-
vision shall be made to  interface 17 audio loops (audlo pairs) from

MCCSF to the SMS, and 15 audio loops from the SMS to MCCSF. Each

audio line will be terminated at the interface with an isolation
transformer. Provision shall be méde to maintain proper impedance.

match and signal levels as specified in the appropriate ICD.

- The audio loops ﬁﬁich éhallrbe provided are as follows:
a) Air/Ground Link No. 1 (S-Band)

b) Air/Ground Link No. 2 (VHF)
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¢) Air/Ground Link No. 3 (VHF)

d)} Intercom (ICS) Loop

e) Astronaut Loop (AL-CS) (Commander Work Station)
f) Astronaut Loop (AL-LS) (Pilot Work Station)

g) Astronaut Loop (AL-MSS)(Mission Specialist Work Stati

h) Astronaut Loop (AL-PS) (Payload Specialist Work Statiocn

‘1) Astronaut Loop (AL-MS) (Manipulator Work Station)

j) Astronaut Loop (AL-£R) (Z=Axis Rendezvous Work Station

k) Simulation Coordination Loop

1) Flight Director Loop (Monitor only)

m) GOSS Loop (Monitor only)

n) SMS/TLM Loop

0) Maintenance Loop 1

p) Maintenance Loop 2

-~ q) Maintenance Loop 3 e Ce

Thg Flight Directdr Loop énd GOSS Lbbp‘sh;ii haJ; monitor

only capability. .The ;;maining loops shall have‘a separately selectabl

“monitor and transmit capability.

6.2.5.8.1.3 MBCS Central Timing Equipment Interface

- The MBCS shall include central timing equipment as

k

specified in paragraph 6.2.5.3. ~ -
| This equipment shall be capable of synchronization by an

internal timing reference for stand-alone mode of operation and shall

be capable of being synchronized from am external timing source

on

]
Ry

[]

reference when the MBCS is integrated to the MCC
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6.2.5.8.2 Fixed Base Crew Station Simulator Signal Interfaces

In addition to the Interface equipment identified in para-
graph 6.2.5.8.1 above, it shall be the responsibility of the contractor
to provide interface equipment for the FBCS when it is added to the
SMS complex,

These interfaces shall permit operation of the MOCS and i
FECS as two independent entities and also provide for full mission
simulation (FMS) using either the MBCS or the FBCS in integrated modecs
with MSSC,

However, the MBCS shall not be operated/integrated with MGG
while the FBCS is operated integrated with MCC.

These additional interfaces shall include but not be
liﬁited to the.following: :

a) FBCS/Audio Communication Interfaces

b) FBCS/Central Timing Equipment Interfaces
c) FBCS/DCU Trajectory Data Interface Software s

RTINS A S
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6.2.5.8.3 External Interface Software

The SMS Interface program shall operate in association with
the SMS/GSSC Interface hardware to provide capability of combining the
MBCS or the FLCS into one integrated training network.

Interface Software shall provide the necessary formatting
and processing of data as specified in the appropriate ICD,

Modes of operation shall be as follows:

a) MBCS Non-Integrated

b) FBCS Non-Integrated ' T

e) MBCS Integrated with MSCC, FBCS Nom-Integrated

d) FICS Integrated with MSCC, FBCS Non-Integrated

S : ‘ : . . .
T S P P
P : ' g . ¢
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512-5-8i4‘ Interface Confrol Document Requiremeunts
The contractor shall prepare Interface Control Documents to
define and coﬁtrol the exterﬁal interfaces of the SMS. These ICD's
shall depict the physical and functional interface engineering require-
ments of a subsystem which affect the désign or operation of a cofunc-
tioning subsystem. These documents shall be used as design control
documents delineating subsyéfem engineering data cdordinated for pur-
poses of (a) establishing and maintaining compatibility between
cofunctioning sybsystems, (b) controlling iﬁterfgce desigus, thereby
preventing changes to system reguirements which will affect compatibilit
with cofunctioning #ubsystems, and (c) communicéting design decisions
and changes to participating activities.
Each ICD shall delineate, as applicable
a) Configuration and interface dimensional data applicable
to the envelopé, mounting, and mating of the suﬁsystém.
"~ b) Complete Interface Engineering REquiremgnt; such as
software, mechanicql, eiéctrical, electronic, hydgaulic, pneumatic,

¢) Other characteristics which cannot be changed without

affecting désign criteria.

¥
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6.2.6 On-Board Computer Simulation (WBS#1.4 and 2.4)

6.2.6.1 Data Processing and Software (DP&S)
6.2.6.1.1 Eidelity

The Data Processing and Software Subsystem on-board computer

and Interface Equipment . (DP&S) shall be simulated for all flight missio
phases including ascent, orbital, deorbit, abort, and atmospheric
flight, and for all modes, automatic and manual. Redundancy features
and built-in test features of the DP&S which effect crew station or
MCC displays shall be simulated.

The DP&S subsystem shall interface with other elemente of
the avionics system including the Dual Redundant Tape Readers, the
IMU's and nav rensors, rate gyros, body mounted accelerometers, the
air data system, Tacan Units, ILS Receivers, Radar Altimeters, manual

controls, the flight control converter and the CRT Displays and Key-

boards.

As presently defined, the DP&S subsystem inclhdes five
computers used for Guidance, Navigation, Flight Control, Performance

Monitoring, and Payload Handling Functions.

In the Moving Base Crew Station Simuléfor, simulation of

Guidance, Navigation, Flight Control and Performance Monitoring DP&S

Computers shall be provided.

In the Fixed Base Crew Station Simulator,“a.sihulation of

all the DP&S computers shall be provided.

i)
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6.2.6.1.2_ G.F.P, Intepration

The DP&S OBC simulation shall include the capability

to incorporate G.F.P. crew station display and control hardware eQUipmeW

and ObBC software as spécified in Exhibit 3 and para. 6.2.6.1.3 below.

6.2.6.1.3 _Tlirht Softore

Hardeore and softwvare as required ghall be provided to cu-

able uge of DP&S OBC flight software in the simulator without

extensive modificaticn. This flight software will be provided

(G.F.E.) in source and object language format. The source larguage
format will be HAL. The object language forrwat will be the €2C
assenbly language and load module (binary format). Flight software

will be provided on magnetic tape and paper tape.

6.2.6.1.4_ Loading
The simulator shall include equipment required to load the
flight software in the simulation computer, If pre-processing of the

flight software is required, a suitable hard copy output device shall

be provided for program listings.
6.2.6.1.5 Moding T

The simulated DP&S OBC shall 6bé§gfé'inlconjdﬁggion

with the simulator mode control functions such as freeze, reset, and
non-real time, without degradation in performance.

F.2.6.1.6- Update

| The capability to incorporate software changes to the DP&S

programs shall be provided. ‘Hordware equipment and software as

' required for conversion of changes to the DP&S .software for incor- 3
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portation into the simulator shall be provided. This equipment shall
be compatible with that required for loading the programs.

6.2.6.1.7  Dpiapnostics

If flight hardware is used, Diagnostic program software to
exercise and test this hardware shall be provided. This software shall
include programs to determine the state of the OBC at a specific instant

in time, i.e., a snapshot dump program.
6.2.6.1.8 Interface

Interface equipment to interface real world DP&S OBC hardwarT
to the main sirulation computer shall be provided. This equipment
shall include buffering and interrupt handling equipment as requircd.

6.2.6.1.9  Debugning Tools/Eauipment

Additional equipment shall be provided to enable rapid
evaluation and test of real world DP&S OBC hardware. This equipment shall
operate in conjunction with diagnostic programs. to enable rapid

- fault isolation and repalr capability.
é.éfﬁfL.lowﬁ Synchronization .
The DP&S OBC shali"opérate‘in time syﬁhhfanism.
| with the main simulation computer, with thé MCC in‘iﬁtegrated modes,
and with the telemetry system. A 40 millisecond synchronizatidn

period is requited.' '
6.2.6.1.11 Reset Requirements - e
The DP&S OBC shall. have phé capabiliéy to be

rapidly reset and restarted st all normal mission oriented simulator

reset points. S _ o ,
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6.2.6.1,12 Redundancy Requirements

The redundancy features of the DP&S Subsystem computers
shall be simulated, including computer to computer intercommunication

and backup control modes.

6.2.6.1.13 Simulated Malfunctions

Simulated malfunctions of the DP&S.OBC shall be as

specified in Addendum A.
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6.2.6.2 Main Engine Controller Agsemblies and Interface Systems

6.2.6.2.1 Fidelity

The Main Engine Controller Assemblies, including Digital

Computers, Input Electronics, Output Electronics, Computer Interface
Electronics, and power supplies, shall be simulated for the ascent and
abort mission phases, and for all modes, automatic and manual. Redun-
dancy feafures and built-in test features of the Main Engine Controller
which effect crew station or MCC displays shall be simulated.

The Main Engiﬁe Controllers shall interface with other ele-
ments of the Main Engine system including the Inflight Data Sensors,
Limit Sensors, Control Sénsors, Actuators, Igniters, On-0ff Contrels,

the Data Bus Interface, and the Vehicle Data Recorder.

Simulated malfunctions of the Main Engine Controllers shall

be as specified in Addendum A.

B

©

=]
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6.2.7 Simulation Computation Complex (WBS #1.5 and 2.5)

The contractor shall provide a Simulation task structure that
will interface with the operating system of the GFE Computer Complex.
This task structure will have the capability to perform the simulation
of one Motion Base Crew Station and one Fixed Base Crew Station of the
SMS simultaneously. The contractor shall also provide the capability
to perform local and remote time-sharing functions such as Batch pro-
cessing and Data Management activities in parallel with the simulation
tasks.

The contractor shallrprovide a minimum of 25 percent spare
execution time and 25 percent spare in the remaining resources of the
GFE Computer Complex. These percentages of 5pafe shall exist during
all operational activities of the GFE Computer Complex.

The resources of the GFE Computer Complex for which 25 percent

is required are as follows:

*

* ¢

Mags Storage (Disc, drum,large core meméry)"

Input/Cutput Timg for all available channels

CPU Main Memory

Auxiliary Processor Execution Time

The SMS shall be designed to enable switching crew
stations between computer complexes if the SCC is composed of two

separate computer complexes. "

-~ Precegip, Rages g
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: 6.2;8 Digital Conversion Eguipment (WBS #1.6 and 2.6)

"6.2.8.1 Devices

Data Conversion Equipment shall be provided to permit the
activation of the simulator stations and sampling of‘éontrols with
sufficient accuracy aﬁd speed to minimize input/output signal errors
and eliminate discernible discrete stepping of indicators and other
appropriate outputs. Standards for form and format of input/output
quantities shall be established for the computer side and simulator
side of the interface. The interface system shall include analog-to-
digital input conversion equipmenﬁ, digital-to-analog output conversion
equipment, discrete inputs, discrete outputs, digital inputs, digital
outputs, digital-to-syhchro outputs; etc., and’necessary control

equipment as required.

6.2.8.1.1 Computer Side

Standards shall be established for computer digital word
formats and cqmpﬁtaﬁionalrunits considering necessary tagging of data,

resolution of data, andfthe range of varisbles in order to optimize

L]

the computer input/output equipment design.

' 6.2.8.1.2 Simulator Side

The electrical or physical format of the data and conversion
’ ¢ ) : E
techniques shall be standardized to the greatest extent possible.
Standards shall be established for input/output quéntities of the simu-

lator side of the interface for identical parameters performing identical

functions in different simtlator areas.

L
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6.2.8.2 DCE System Spare Capacity

Twenty-five percent of each input channel, output channel,
and each type of interface equipment shall be provided as spare capa-
city. The input/output system includes the computer I/0 and the inter-
face_multiplexérs, analog-to-digital converters (A/D), digital-to-
analog converters (D/A), and all signal distributers, converters and
processors between the computer and the input source and output displa
etc. This requirement is intended to provide direct expansion, i.e.,
without requiring additional channels and signal processors in the I/0
and interface areas.

6.2.8.3 DCE System Growth Capability

The DCE system shall be designed to permit expansion of
capacity without significant design changes to existing hardware and
without obsoleting the existing equipment. |

A ¢apability for a 100 percent increase in the input/output
| 'channgls”andrcomplete ip;g;fgq?Aassociated withrthg ;omputati;n system

shall be provided. -

[}

:64243-ﬁ “BealgTime Interfacerﬁquipmeni Diégﬁbst{cg

| Programs shall be provided which will enable on-line program
Vcoﬁtrol checkout of the simulator interface equipment. They shall be
of an automated tjpe requiring & minimum of operator effort and shall
provide a hard copy of the test results. These p;ograms shall perform

the following tasks.
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6.2.8.4.1 Discrete input and output test.

The capability shall be

 provided to check the proper functioning of all the discrete input and

output channels, including spares, in a closed-loop fashion. 4All |
_disconnection and reconnection shall be accomplished under program
control. The program, upon detecting a melfunction shall indicate to
'-them0perator the failing channel.

6.2.8.4.2 Analog input and output test. Tests shall be provided to

exercise all of the analog input devices through their full range of

operation. This shall be accomplished in a closed-loop fashion. All

disconnection and reconnection shall be accomplished under program con-

trol.

The tests shall be designed such that an accuracy limit can be

specified by the operator.

It shall test all cenverters, multiplexers,
and demultiplexers, including spares, in the DCE system. All channels
not fuhctioning within the specified 1imits ehall be indicated as such
"via on-line hard coﬁy. A dynamic test of the analog output channels
also shall be provided This test shall enable the operator to vary

the period and amplxtude of the test signal to a specified channel via

..an on-line 1nput.deviee. mﬁ.jm“;“;“_;m.“wé;-m-
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6.2.9 Visual System (WBS #1.7 and 2.7}
6.2-901 General

The Shuttle Mission Simulator Visual System has
different viewing requirements deﬁending on the mission phase
being executed in the MBCS and FBCS.

In order to clarify the subsequent discussion, the
Shuttle Mission'is divided into the following:mission phases:

1) Ascent Phase ~ Ten minutes.priof to lift-off to
orbit insertion, _

2) Abort Phase % There exists five abort phases
during vertical launch: Abort Phase #l, SRM assist, Abort #2
orbiter glide, Abort Phase # orbiter powered return to site, Abort
Phase #! orbiter once-around orbit and Abort FPhase #5 orbiter abort
to orbit.

3) Orbital Operation Phase - This phése includes
all orbital operations commencing with orbit insertion except
those operations associated with rendezvous., For example, external
tank separation, orbit changes, navigation updates, and perfor-

' mance monitorihg; The‘gltitude rénge:varies ffdm So)h.m. to'

500 n.m, . ’ - : ' .. . . . . . b
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4} High and Low Altitude Rendezvous Phase - The purpose of
this phase is to fly to a co-orbit condition with another orbital

vehicle. This phase includes: (a).orbital adjustment, i.e., correct
phasing with rendezvous target, (b) coelliptic sub-phase, i.e., placing '
the orbiter at the desired terminal condition priof to initiating an
intercept trajectory,'(c) terminal sub-phase, i.e., placing the orbiter
on an intercept trajectory with the target and performing tracking to
achieve a station keeping condition and (d) station keeping sub-phase,

i.e., maintaining a relative position in the near vicinity of the

target vehicle. The altitude range is 50 n.m. to 500 n.m. and the
maximum  visual slant range between the two vehicles ig 300 n.m,

5) Docking and Undocking Phase - The purpose of this phase
is to move from/to a station keeping mode to/from a docking condition

with the rendezvous target. The altitude range is 50 n.m. to 500 n.m.

and the maximum visual slant range between the two vehicles is 10 n.m.

This phase is entirely accomplished without the aid of the RMS arms.

:6) Payload Operations ~.This mission phase exists only when
the RMS islbeing utilized., The purpose of this phase i3 to guide and con-
trol the orbiter and the RMS as necessary to @gﬁ?ﬁgﬁyload handling re-
quirements. The following RMS maneuvers shall be simulated by the visuall
system: docking or undocking, payload deploy/retrieve, assembly of pay-

i

lcad and the maintenance of payloads. The altitude range is 50 n:m. to

Cer A AR : LR S T S AN
bﬁo Tie . L - i - O . K R

7) Deorbit Phase - The purpose of this phase is to select

a landing site and perform the deorbit maneuver. The altitude range

varies from 500 n.m. to 400,000 ft.
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“d é? Entry Phase - During this phase the orbiter angle of
attack and bank angle is controlled in order to "fly out" the targeted
crossrange and downrange within temperature, g-load and skip-out
constrainﬁs. The transition maneuver, that is, the transition from
.spacecraft (high angle of attack) to gerodynamic flight (maximum L/D)
is entirely accomplished in this phase. The altitude ranges from
400,000 ft. to 50,000 ft.

9) Approach and Landing Phase - The purpose of this phase

is two-fold. Initially in the terminal approach sub-phase the orbiter

is flovm with a2 maximumL/D tc & 150 to 25° glideslope intercept followii:

an optimal path dependent on energy available. Subsequently, the
final approach sub-phase begins at an altitude of 10,000 ft., i.e.,

intercept of the glideslope and is terminated at touchdown.and roil-

out. The altitude ranges from 50,000 ft. to 25 ft.

‘Ferry Flight Phase - The purpose of this phase is to fly
the vehicle from one airport to another., This phase includes: (a).
taxi,,(b) takeoff and climb, {c) cross-country, and (d) approach and
landing and (e) roll -out, The maximum ferry range is 400 J.m. without

alr to air refueling and the altltude ranges from 25 ft. to at 1east
A AT a',.'a.;""é"'f, Aerla LOlE o o@ Lol cd Ced HEEIE S SRR Rt T .

12,000 ft.,

P L vl ¥
JRP R AR P i P
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i Wy J— S P S fmmt i hmyzy g vt e R B - T L e
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6.2.9.1,1 DISPLAY
6.2.9.1,1.1 Forward Work Station

The forward work station display system for the MBCS and
FBCS shall present color imagery at infinity. The forward
work station display system shall provide the field of view
filling all six windows to be viewed by the Commander and Pllot,.
(Three windows are shown in Figure 6.2.9-1, The remaining thrée
vindows are the mirror image). The display image to be vlewed by
the commander from the commander's design eyepoint shall fill the
field of view as shown in Figure 6.2,9-1. The display image to be
viewed by the pilot from the pilot's design eyepéint shall fill the
mirror image of the field of view shown in Figure 6,2.,9-1. The imege
that is redundant for each commander and pilot shall be the 1M°on the
commanders right of center and the 14° on the pilot's left of center.
The image shall £ill the vertical field of view as yiewed from the
design eyepoint for both commander and pilot.
6.2.9.,1.1.2 AFT WORK STATION )

The aft work station contains four windows, i,e., two aft
overhead windows and aft rear windows. (See Figures 6.2.9-2 and
6.2.9-3). It is desirable that the aft work‘station display systenm
provide the field of view, filling 2ll Tour windows to be vicwed by
the remote manipulator system and the Z axis rendezvous operators,
This display system will be prdvided only for the FBCS.

The aft work station display system shall present color

-

inagery at infinity.
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FBCS.,
6.2.9.1.2

6.2.9.1.1.3 TV MONITORS
There exists two TV monitors in the aft work station.
~ The images generated by the spacecraft TV cameras shall be simulated

on the simulator TV monitors., This requirement exists only in the

IMAGE GENERATORS

The image generators shall include the capabllities to

a.
b,
C.
d.

€.

provide the following scene elements:

Celestial bodies
Earth and horizon
Own vehilcle
Target vehicles

Remote manipulator system arms

6.2.9.2 VISUAL PERFORMANCE CHARACTERISTICS
6.2.9.2.1 General

The general performance characteristics which shall be

.

provided in the design of the overall visual system as well as in
the design of the individual elements shall be governed by the *

following considerations:

The mission phases to be simulated by the forward work

station visual system for the MBCS and the FBCS are'

i) Orbital Missions - Ascent, abort, orbital opera-

tions, Rendezvous,deorbit, entry, approach and landing,
ii) Perry Missions'~ Take-off, cross country approach

and landing and roll-out. . | L
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iii) FBCS Only - Docking and undocking; and payload
operations, - | _

1v) Time-Shared Mission Phases - Tralning for the
ascent, abort, entry, approach and landing miséion phases for orbital
and ferry missions will not occur simultaneously on the MBCS and the
FBCS so that unique equipment to these mission phases may be time
shared.

In the normal ascent mission phase no visual requirements
have been identified, However, visual scenes during ascent identical
to those required for the applicable abort mode shall be provided in
order to prevent transition problems.

b. The mission phases to be simulated by the aft work .
station visual system are: rendezvous, orbital operations, docking
and undocking and payload.operations,

c. The basic performance characteristics of the visual
simulation system, 1n particular the identification of the scenes
which are required to be shown during each phase are shown in Table
6.2.9-1 to 6.2.9-5. The motion envelope requirements for whiéh‘the
‘visual system shall be designed are shown in Table 6.2,9-6.

B "d. There sh;il be no image discontinuity or interruptions,
.i.e., transition between models, color and size variations, appearance
such as television to 'film or vice versa, since these would provide
effective cues in the simulator which would be abscnt in the real

)

world, -
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. .____ADORT PHASE ORBITAL DOCKING  PAYLOAD ) APPROACH|__ __ FERRY PHASE
NODE™ ™ TTTMODETT MODE OPERATIONS RENDEZVOUS UNDOCKING OPERATIONS DE-ORBIT ENTRY & LANDING APPi AT
o _ b1z 3 #4_ __PUASE _PRASE_ PHASE. PHASE PlLASE PHASE PHASE TAKEOFF & LANDING
. EXTERNAL  QREQUIRED REQUIRED REQUIRED NEQUIRED N/R N/R N/R N/R N/R N/R ~|N/R N/R
HYDROGEN 1IN NN . ARSR 1) IN , : .
OXSYCEN TANKATTACNED {ATTACHED |[ATTACHED | ATTACUED ‘ o . . o
POSITION POSITION TOSITION POSITION :
2) DURING 2) DURING 2) DURING 2) DURING
SEPARATION |SEPARATION |SEPARATION| SEPARATION |
- (an instanta~
reons separation - : :
ils aceeptable) ' . B
PLUME FROM REQUIRED REQUIRED N/R N/R N/R N/R N/R N/R N/R N/R N/R * N/R
S#% TERMIN- 1) EFFECT OF{t €09 SEC _ : . .
ATICN PLUME ONLY | 1) EFFECT
OF PLUME
ONLY
N/Ht»109 of. '
SEC - : e
11, Wings . . : : ‘ )
Tasmi:%p-g &[N,fﬂ N/R N/R N/R N/Rt REQUIRED [REQUIRED - N/R N/R N/R N/R
VELICLE _ )
- T .
=%, :
 CARGOBAY N/R - |N/R N/R N/R N/R REQUIRED [REQUIRED  N/R N/R  |N/R N/R N/R
1} DOCKING {1} DOCKING :
TUNNEL IN [TUNNET, AND
EXTENDED [CARGO BAY
POSITIOR  {poons F
ONLY - DYNAMIC
‘ 2} PAYLOAD
. L : , FIOM STOW-
El} POSITION
T DYNAMIC .ot
POSITION !
1) TRUNION ) . ‘ :
LOCA TIONS g _ : .
VISILLE . :
ENDPTY BAY ..
4) CARGO DAY :
FLOODLIGHTS :
ILLUMINATING , ‘ .
_ CARGO BAY_!
N Aol OWN REQUIRED REQUIRED REQUIRED REQUIRED REQUIRED  [REQUIRED REQUIKED I}EQU’IRED REQ'D 1REQ!JIR!:D REQUIRED REJUIRED
’1H - § M e ad e e o - orr— v —— -
v ' IMAGE CONTENT-- =~ . - - .7 TABLE 1 OF § TABLE

SPACECRATT EXTERIOR : £.2.9=1
AND IITERIOR _
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‘ ’ : APPROACH
ABORT PHASE B ORBITAL  RENDEZ- DOCKING & ' & FERRY PHASE
MODE WMODE MODE OPERATIONS VOUS UNDPOCKING DE-ORBIT ENTRY LANDING[T APPUOATH
[} #2 3, 4, 6 PHASE PIASE _ PlIASE PliASE PHASE_ PHASE |TAKEOFF __ & LANDING _
HORIZON-INTERFACE NOT REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D [REQ'D [NOT NOT ‘-
BETWEEN TOP OF REQ'D APPLI- APPLI-
CLOUD LAYER & SKY CABLE CABLE
— s e ——— . - . fumm— |- —— —— Lo
*HCRIZCN INTERFACE REQ'D REQ'D REQ'D NOT NOT NOT NOT KOT REQ'D NEQ'D REQ'D -
DETWEEN EARTH REQ'D REQ'D . REQ'D REQ'D REQ'D
i SRy
cen.wc-n-;:]c-:ﬁ'r 100-.;)0. aoe” | 100-50, 000 100-50, 000 NOT NOT NOT NOT NOT  {i00- 100-50, 000 | 100-50, 000
FT. FT. FT. ADDLI- ADPLI- ADPLI- APPLI- -APDLI- |50,000 |FT, FT.
CABLE CADLE CABLE CADLE CABLE {FT,
VISIBILITY 1,809 FT, 1,800 FT. 1, 00 FT. NOT NOT KOT NOT NOT - 1,800 FT|l.800 FT. 1,800 FT.
TO 15 NM TO 15 NM TO 15 NM ADPLI- APDLI- APPLI- APDLI- APPLLI- [TO 15 NMITO 15 NM TO 15 K
: CADLE CADLE CABLE CABLE CADLE
u.wmmanou BY OWR DESIRABLE | DESIRABLE |DESIRABLE |NOT 1 notr NOT NOT NOT  |DESHR- PESIRABLE (DESIHABLE
VEHICLE LANDING LIGHTS . APPLI- APPLI- ADpPLI- APDLI- APPLI- ABLE
: . . {CADLE CABLE CABLE CABLE CADLE [CABLE
TIME OF DAY | DAYLIGHT TO | DAYLIGHT TO |DAYLIGHT TO[NOT | NOT . |NOT  |NOT | NOT  [pAY-  [PAYLIGHT [DAYLIGHT
. DARKNESS DARKNESS DARKNESS APPLI~ APPLI- APPLI- APPLI- APDPLI- JLIGHT [TO TO
‘ CARLE CABLE CALLE CABLE CABLE [TD DARKNESS |DARKNESS
‘ DARK- ‘
NESS :
" CLOUE COVER RNQT HOMOGEN- HOMOGEN- HOMOGEN= HOMOGEN~ HOMOGEN— HOMOGEN-] HOMO- RIOMO=- NOT wOT
. ADPPLICABLE [EOUS EQUS EQUS EOUS LOus EOUS GENE- [GENE- QJPPRLI- APPLL.
Qus OUS CABLE CABLE |
DAY /NIGHT TERMINATOR NOT NOT REQUIRED REQUIRED REQUIRED | REQUIRED |REQUIRED | REQUIR{NOT NOT NOT
. APPLICABLE [APPLICABLE ' ED A PPLI- r\ppucasw APPLICABLE
CABLE .
One . LANDING S'rmp- REQ'D REQ'D REQ'D NOT NOT NOT NOT NOT REQ'D REQD REQ'D .
LT eI mTRIS APPLI- APPLI- APPLI- APPLI- APPLI-
WITIl FAA CATEGORY n CABLE CABLE CABLE CABLE CABLE
RUNWAY MARKINGS AND : : !
LIbllTb .
[ — - — - — ————— = . s vmr-ahmm——] o ——— -— - - L
LJ\E OF VELICLE REQ’ REQ'D REQ'D REQ™D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D REQ'D
OCCULTATION ‘ : _
[oT NOT B R T A EEE Nor NOT .. | NOT . | woT
ORBITAL EARTH SCENE FQ D HEQ'D REQUIRED |REQ'D REQ'D REQ'D REQ'D |REQ'DREQ'D |REQ'D |REQ'D
IMAGE CONTENT - "EARTH SCENE AND HORIZON" ' Table 2 of § .

TABLE 6.2.9-2
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. [ __ABORT PAASE ORBITAL : DUCKING & )
CMODETT § MODE MODE OPERATIONS RENDEZVOUS |UNDOCKING  PAYLOAD DE-ORBIT ~ - ENTRY
' i1 A2 13, 84,5 |PHASE PHASE PHASE OPEBATIONE}?*_!A.S_EE-__*m.?!'_&.§?.q._h_ﬁb..
CONSTELLATIONS [NOT NOT — ~ [|REQUIRED - REQUIRED REQUIRED Required Required (REQUIRED NOT REQUI 1
REQUIRED |REQUIRED |QUANTITY~88 UANTITY~88  QUANTITY~ES ' . IQUANTITY~88
° o i auaNTT U Qty,~/ 88, Oty.a 88 {SUANT N S
NUMBER OF STARS NOT NOT 21000 Z1000 21000 = 1000 - I'=1000 21000 SUFFICIENT NUMBER
: REQUIRED | REQUIRED - ST FOR ATTITUDE MOTION
_ A l ' REFERENCE ONLY
e ‘
! . ‘ : Y -
CONSTELLATION NOT NOT REQUIRED BY [REQUIRED BY REQUIRED BY Required Required [REQUIRED BY {NOT REQUIRED
. IDENTIFICATION - REQUIRED |REQUIRED |CONFIGURATION | CONFIGURATIONCON FIGURAT- by configusby confi-CONFIGURATION
AND MAGNITUDE [AND iON AND _ AND MAGNITUDE
: , MAUNITUDE ration & tdon &
- = 4= - et BRa Rt e e {tude pagnit
= i - ¢ . . ; . Do 5 " oL T ST il . G
o - L Trono- STar .y . a o . - EEEEI : o =
Ll - 3 . ' rp e
SUN (SYMBOLIC) * or NOT REQUIRED |REQUIRED REQUIRED REQUIRED REQUIRED REQUIRED REQUIRED
REQUIRED. |REQUIRED' | :
- 1 : # . NI I 4 R P S L L
i R | a ! : . B . -} j . -
*
IMAGE CONTENT - "CELESTIAL BODIES" _ Co ' TABLEYOFS

.
. - . . he
A

TABIE 6.2.9-3
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' ReENDE2ZVOUS PHASE

DOCKING AND UNDOCKING PHASE

PAYLOAD OPERATIONS PHASE

VISUALLY DETECT TARGET {300 N.M, 0to 10 N.M. (COLLISION POSSIBLE) |0 TO ! N.M. (COLLISION POSSIBLE)

— e o e e = b - -
SUBTENDED ANGLE AT NOT REQUIRED 21.50° 21.50 : :
WHICH TARGET ATTITUDE o
13 IDENTIFLABLE . .

QUANTITY OF SIMULTANE- [ONE TARGET ONE TARGET FIVE TARGETS

OUS TARGET VEHICLE

MAXIMUM/MINIMUM SIZE |

ANOTHER ORDITER: LENGTH = i FT. ’
SPAN = 80 FT/SATELLITE: 100 INCH
DIAMETER SPHERE

TARUGET VEHICLE
MOVING PARTS

NOT APPLICABLE

- o o —— g

TARGET LIGHTS, l.e.,
ACQUISITION, TRACKING
_AND ANTI-COLLISION
LICHTS ONLY

——

REQUIRED: SOME TARGET VEHICLE WILL
HAVE NO LIGHTS. FOR TARGET
VERICLES THAT DO HAVE LIGHTS THEY
WILL BE CONTROLLADBLE AND THE
LIGUTS WILL BE FIXED TO TARGET,
HOWEVER, TARGET ATTITUDE IS A
VARIABLE.

OWN VEHICLE LIGHTS
ILLUMINATING TARGET
VEHICLE

———

NOT REQUIRED

+

ANOTHER ORBITER: LENGTH =11l FT.,
SPAN = 80 FT./SPACE STATION;
CYLINDRICAL, LENGTH = 15 FT.,

ANOTHER ORBITER: LENGTH =1l FT.,
SPAN = 80 FT./SATELLITE: 100 INCH
DIAMETER SPHERE '

N/R:

REQUIRED: S8OME TANGET VELICLES
WILL HAVE NO LIGHTS. FOR .
TARGET VEHICLES THAT DO HAVE
LIGHTS THEY WILL BE
CONTRULLADLE AND THE LIGHTS
WILL O FIXED TO TARGET,
HOWEVER, TARGET ATTITUDE IS A
VARIABLE,

g L I S

REQUIRED: (1) ILLUMINATION BY
SPOTLIGHT FOR RELATIVE YEHICLE
ATTITURE REFERENCE, (2}
ILLUMINATION BY FLOODLIGHT.

. SHADOWS ALSO REQUIRED,

REQUIRED: $ME TARGET VEHICLES WILL
{IAVE NO LIGIITS. FOR TARGET VEHICLSS
TIIAT DO HIAVE LIGHTS THEY WILL BE ’
CONTROLLADLE AND THE LIGHTS WILL BE
FIXED TO TARGET, HOWEVER, TARGET
ATTITUDE ISA VARIARDLE,

NOT APPLICAILE - SEE IMAGE CONTENT -
'REMOTE MANIPULATOR ARMS" TABLE 5 OF 5,

SUN SHADOWS ON
TARGET VEHICLE

NOT REQUIRED

VISUALLY DETECT PAYLOAD
RETENTION FITTINGS

NOT REQUIRED

— i a1 ——

. DESIRABLE

NOT REQUIRED

b i e

REQUIRED: RANGE = 0 TO 80 FT.

IMAGE CONTENT - "TARGET VEHICLE"

TABLE 6.2.5% .

. TABLE 4 OF 5
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PAYLOAD OPERATIONS

PHYSICAL DIMENSION

LENGTH = 50 FT. (TO END OF
TERMINAL DEVICE)
DIAMETER = 8 INCH MAXIMUM

TERMINAL DEVICE MAXIMUM/
MINIMUM RANGE .

50 FT./10 FT.

VISUALLY DETECT DEGREES OF

FREEDOM

REQUIRED: VISUALLY DETECT
EACH DEGREE OF FREEDOM BY

| EFFECT OF CEANGE IN POSITION
| AND/OR ATTITUDE. ALSO,

MOTION OF TERMINAL DEVICE FOR
OPEN/CLOSE TRANSITION

LIGHTS

REQUIRED: SIMULATION TO SIGNIFY
BLINDING BY THE SPOTLIGHTS ON

EACH ARM NEAR TERMINAL DEVICE
| BY SOME MEANS IS REQUIRED.

SPOTLIGHT SHADOWS BY EITHER
ARM OR OWN VEHICLE OR TARGET
VEHICLE

' ARMS FIXED TO DOOR |

REQUIRED: ALSO MOTION FROM
FIXED POSITION OF OPERATIONAL
POSITION AND VICE-VERSA.

VISUALLY DETECT ARM
JETTISONING AND EXPLOSION

REQUIRED: AN EXPLOSIVE BOLT
DEVICE IN CASE OF FROZEN JOINT
MAL FUNC TION

IMAGE CONTENT - "REMOTE MANIPULATOR SYSTEM ARMS"

. —mw
t,.‘ -

. TABIE 6._2.9—5. ‘ S
—— . '~ TABLE 5 OF 3
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ORBITAL PHASES

AERODYNAMIC
PHASES

DOCKING
MISALIGNMENT

Pg. No. 6-157

Misalignment = »7*

= £0.1%/sec

L""'".'

{nissive vehicle)

12/22/72
A 12/21/73

] THANSTATION 1 . ROTATION T
VELOCITY ~ JACCELERATION | DISPLACEMEN? _VELOCITY ACCELERATION
25,500 ‘.-VS max AV = 1000 Ips { all-attitude | minfmum = 0%1 roll acceler~
23, 000 fps (burn time not 0.1%°/sec -atlon 1 €5°%/sec

maximum = 0 %=1 piteh accelery

hD ~ation 1 £2, 5"/sec2

051 yaw acceler-
ation 1< 2.5%/sec
140€V<600, - osazcc.sqo (T +30°% bank 01 ppls
knots DESIGN angle 5 30° 20°/sec
TOUCHDOWN «10%slide 0%iqp 1%
SINK RATE = slip £10° 5" /sec
0-10 fps -3° £ piteh 081rpls
) ' angle<20° 5% /s0c .
Max relative Doeking Max V at
velocily at Angular Mis- docking .
docking = . Alignment = {aclive vehlecle) K
“1e 0.5 fps 15° = 41%/sec o
Docklng Roll Max V at
docking

SHUTTLE MOTION PROFILE

. TABLE 6._2 o6
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e, The accuracy of the system shall be adequate to permit
measurements with the COAS, such that the inaccuraciles due to the star
and horizon position shall be less than 10.5 Deg.

f. The image generation system shall permit continuous
simulation of any mission including abort and ferry phases.
6.2.9.2.2 DISPLAY
6.2.9.2.2.1 FORWARD WORK STATION

Display system parameters which shall be provided by
the design are as follows:

a) Field of view filling all six windows simultaneously.

b) Color

c) Infinity image

d) The head motion envelope shall be + 2 inches
vertically by + 4 inches laterally centered at the design eye such
that within the volume the distortion and brightness shall still
satisfy the requirements, - o

e) Resolution (horizontal and vertical) shall be 9.6
arc minutes at 5% modulation, | R | :

f) Geometric distortion.(angular error 5etﬂéen true
position of image point and displayed position with respect to design
éye) shall be + 2°, | ' e

g) White field brightness, large area, shall be 8 ft,
lamberts. | _

h) Brightness variation anywhere in.the field of

minimum

view (i.e. ) shall be .5 or greater.
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i) Ghosts (under maximum contrast conditions of the
sun image against a star background - 100:1
3} Positional accuracy as measured for the COAS forward
window position with respect to the calculated line of sight:
navigaticnal stars and celestial bodies - +0.5 Deg., horizon -+0.5 Der.
k) Contrast (minimum to maximum with 50% of the
measured viewing channel at maximum brightness) - 1:25
1) Collimation error (within head motion envelope) -
HO arc minutes,
m) Image matrix characteristics (if used):

1) image registration £ 145 arc minutes over
central 60% of matrix
edge.

2} brightness matching .il shade of gray

6.2.9.2.2,2 AFT WORK STATION DISPLAYS
Display system parameters which should be provided by
the design are as follows: - _ 7
- &) Field of view filling all four windows simultaneously.
b} Color :

¥

¢) Infinity image - J _:h;f.!j<.“Werrﬁ

d) The head motion envelope shall be a volume that
circumscribes a 6-inch diameter sphere centered at the design eyepoint
of each display. Within this volume the distortion and brightness

shall satisfy the requirements.
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e) Resolution (horizontal and vertical) 9.6 arc minutes
at 5% modulation. |

f) Geometric distortion (angular error between true
position of image point and displayed position with respect to the
selected design eye position for each window), -+2°

g) White field brightness, Large area - 8 ft, lamberts

h) Brightness variation anywhere in the field of view

inim
(i.e., Diinumy o o sreater.,
maximum

i) Ghosts {under maximum contrast conditions of the sun
image against a star background). - 100:1
J) Contrast (mimimum to maximum with 507 of the
measured viewing channel at maximum brightness} - 1:25
k) Collimation error (within head motion envelope)
40 arc minptes
1) Image matrix characteristics (if used):
1) Image registration 45 arc minutes over
central 60% of matrix

L

o .. .edge
| 2) Brightnesé matching - ..+ 1 shade of gray
6.2.9.2.2,3 TV MONITORS B
"_ The two TV monitors will be monochromatié and caﬁable
of 525 scan lines, Each monitor will have the standard ON/OFF,
Lrighvness, contrast and test contreols, In additlon any 6f five TV

cameras can be seclected on any of the two TV monitors,

U
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6.,2.9.2,3 IMAGE GENERATORS
6.2,9.2.3.1 CELESTIAL BODIES
6.2.9.2.3.,1.1 Stars |
' The starfield is required during backup system IRU
alignnent employing a COAS and to provide information relative to
spacecraft attitude motion. The starfield therefore is required to
be simulated in both the forward and rear windows. The accuracy of
positioning the navigation stars to be observed from the COAS when
nmounted on the front window positioning brackets should be within
40.5 degrees of the calculated line of sight,., All stars with a magni-
tude -1 to +5, shall be shown and arranged to represent the major
{68) recognized constellations. This will permit continuous training
of the constellation identification under heavy workload conditions.‘
during simulated malfunctions.
If virtual image point sources are not used to
simulate the stars, the representation of a star may be provided
by any other method that provides an apparent star diamgter which
does not exceed 9.6 arc minutes. Variation in star magnitude may be
represented by variatlons in intensity. TR
6.2,9.,2.3.1.2 Sun - .
' A symbolic representation of the sun with true size and
position is required for use in backup navigation with the COAS.
The brightness should be as high as feasible without excessive costs

but not lecs than 12 ft. lamberts and appear white,
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6.2,9.2.3,2 EARTH SCEHNES
6.2.9.2.3.2.1 General Requirements

Scenes of the earth are required for all altitude
ranges from 25 ft. to 500 n,m. Switching of image generators if
required will be done in a cloud layer, VFR and IFR approach and
landings are required to be simulated, During VFR approach and
landings it will be necessary to provide a high resolution, "real
world" type of runway and surrounding area so that the pilot may
obtain confidence in his altitude and flight path Jjudgements via the
visual cues. Category II visibility conditions are the worst
vicibility conditions to be simulated. |

6.2.9.2.3.2.2 Cloud Cover

Above 50,000 ft. the earth shall be covered by a
homogeneous cloud cover. The radius of curvature of the cloud
cover will change as a function of altitude, The percentage of
earth covered by clouds shall be variable from 25 to 1C0 percent.

Below 50,000 ft., the cloud layer will have a

_if&riaﬁleﬂthiékﬁeés selectable by tﬁe.instructof at the fOS staéioh.

. The cloud layer top will vary from 2,000 ft. to.50,006 ft. The
cloud layer bottom will vary from 100 ft, to‘S0,0bO ft. A cloud
layer mist always exist to provide non-calibratable altitude cues
and to accommodate the necessary image generation changes from the
high altitude earth scene to an earth scene consisting of.terrain

information.,
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6.2.9.2.3.2,3 Horizon
Above the cloud cover the horlzon
the interface between the top of the cloud layer

During orbital flight when the navigation backup

is formed by
and the sky.

system is employed,

the horizon de-

the horizon is viewed from the COAS., Therefore,

pression angle must be within 40.5 Degrees. The visibility limiting

haze below the cloud layer, will blend naturally into overcase form-

ing an horizon.

£e2e¢9,2.3.2.4 Earth Scene Below 50,000 Feet

Below the maximum altitude of 50,000 ft.,, the earth
scene will contain the runway and other significant landmarks such
that the pilot could visually confirm his location., Detail of the

runway area shall Increase as the simulated orbiter altitude decreases
such that at approximately 10,000 ft., altitude {i.e., the altitude
the pilot attains the glide slope) the scene content will consist of
natural and cultural features used by the pilot in executing & landing
at a given runway at a particular airfield--features such as hills,
prominent bﬁiidingg,_roads, bridges, bodies of water;_étc. The ,
- KSC airfield shall be simulated. The airfield shall have Category IT
runway markings and lights. No taxi or off runwa; scenes are required.
‘The visual scene shall be in color, Travel along the runway fér take-

off and roll out shall be simulated.
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6.2,9.2,3.2.4.1 Maneuver Range

The maneuver range within the simulated altitude
range 50,000 ft, to 25 ft. shall be a 200 n.m, square centered at

the airport. : .

6.2.9.2.3.2,4,2 Visibility

| Below the cloud cover, a continuous range of
visibility shall be provided. The ground detall shall be shown
from any position and may bé limited to 15 n.m. as seen from 50,000
ft., linearly decreasing to 3 n.m. at touchdown. Maximum visibilily
function (i.,e., linear, quadratic, etc.) as a function of altitude

" must be determined.,

042.9.2.3.2.,5 Orbital - Earth Scene

An earth scene shall be provided at altitudes ranging
from 50,000 ft, to 500 n.m. The scene shall provide sufficient
detall to enable the identification of coarse earth features such
as continents and major coast lines. Also a day/night terminator with
controllable curvature and orientation shall 5e provided,
6.2.9.2.3.3 SPACECRAFT EXTERIOR AND INTERIOR IR
6.2.9.2.3.3.1 Nose B ' _

The occultation of the out—offthe—ﬁindow scene by-
the nose, as a functlon of the eyepoint position is reqﬁired.
6.2.9.2.3.3.2 Wings

| The wings shall be shown in the rear facing aft
windows 1f visible a£ the desigh éye with allowable head motion,.

Since the wings will be far away, relative to the.probable head
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position, the significance of variation in occultation as a function
of head motion, 1s of lesser importance than the appeafance of the
structure. Therefore, the wing structure shall be included in the
imagery.

6.2.9.2.3.3.3 Orbiter Aft Section

The aft section of the orbiter including the payload
bay and the tail assembly shall be imaged at infinity. The opening
and closing of the payload bayldoors shall be shown, The detail
scene elements include the trunnion locationg in the payleoad bay -
and large areas of the body and tall. The latter may be shown in
simple large uniform planes, with sun illumination areas., Letter and
cargo or storage-guideline paintings shall be shown.

6.2.9.2.3.4 Lishtinc and Shadous

Simulation of the lighting and shadows shall be provided
to the extent defined below:
Required:
~a. Lilght source position and aiis;

b. Radiation patterns - when significant.

i

K Illumipgtion of all surfaces which are illuminated
by the source. | . _i'- ‘ :_ :; o o
. Illumination from: |
2, Sun
- b, Earth shine -
¢c. Spotlights, on remote manipulator system arms.
d. Floodlights on vehicle, |
e. Spotlight in docking hatch.
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Illumination levels shall be shown as follows:

Earth shine - low level,

All other sources, or combinations thereof including
the sun, but excluding the illumination from the spotlights at the
end of the remote manlpulator system arms-Medium level., Spotlights
at the end of the remote manipulator systems arms - Highest level,

6.2.9.2.3.5 Occultation

Occultation of all surfaces and celestial bodies by
all other celestial bodies and spacecraft, cargo and other vehicle
surfaces shall be provided.

6.2.9.2.3,6 Time of Day

The time of day for any simulation task ié varlable
and is selected by the instructor at the I0OS station,
6.2,9.2,3.7 TV Careras ‘

There are five closed circuit TV cameras located at
the following positions: Two TV cameras are located near the

terminator of each remote manipulator arm, two TV cameras are

located in the payload bay (i.e.; fore and aft) and the £ifth camera

is mounted on the centerline of the docking axis at the docking
port window. Any two may be monitored vis a:swit;h selected by the
prayload handling speciallist, The TV cameras are used during dcck-
ing and undocking and payload operations,

Simulation of the complete TV cameras subsystem shall

be provided. This shall include the assoclated spotlighté and flood-

lights, optical system (including varifocal operation) light level

compensation and camera features (525 line monochromatic).

i
r y

[
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The images to be shown in each camera are those of the
earth, the target vehicle, the sun and moon and the Shuttle vehicle
and target vehicles. Stars and planets need not be shown. Moreover,
portions of the vehicle will Ye séen via the closed circult TV cameras,
egpeclally by those located at the ends of the remote manipulator
system arms., Therefore, all wehicle surfaces that can be viewed from
any point within the remote manipulator system arm envelope shall be
included,

6.2.9.2.3.8 Target Vehicle

Visual simulation of the removal and storage of target
vehicles from the payload bay shall be simulated, The payload re-
tention fittings shall be visually detected by the remote manipulator
system operator within a line of sight range of 60 feet, The remote
manipulator system operator shall be capable of viewing‘up to 5
target vehicles either in the payload bay or exterior to the orbiter.

The target vehicles will vary in size from another
orbiter (i.e., length = 120 ft., span = 80 ff.) to a satellite (i.e.,
100 inch diameter sphere), Portions of these shall be able to be
shown in more than one position, e.g., the doéking hafch on the other

 orbiter shall be either extended or retracted, but a dynamic transition
need not be simulated. Target vehlcles lights, that is acquisition,
tracking, and anti-colllsion lights, fixed to the vehicle shall bhe-
simulated. The target vehicle will be an all attitude vehicle and
must be visually detected up to 300 n.m. The attitude of the target
vehicle must be identifiable to the observer when the target vehicle

subtends an angle greater than 1.5° with respect to the observer,
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6.2.9.2.3.9 Remote Manipulator System Arms

simulated.

The two remote manipulator system arms shall be

Fach of the seven degrees of freedom shall be visually

detected by observing the effect of change in position and/or

attitude,

simulated,

Also, open/close motion of the terminal device shall be

The rcmote manipulator system arms shall be imaged at

infinity. When the remote manipulator system arm(s) has malfunctioned,
visual simulation shall be required for the explosive bolt operation
and subsequent Jettisoning of the arms.

6.2.9.3 Visual and Motion Cue Coordination

Motion and visual cues are important in a number of
critical mission phases and flight mansuvers, The visﬁal scene
provides essential control infarmation, while cockpit motion cues
permit the crew to anticipate some control requirements, and to
assess the effects of others, before they are reflected either in the
visual scene or in the cockpit instruments,

The alerting function of motlon cues makes«it essential
th&t they be provided in the simulator iﬁ fhé éémé témﬁoral relation-
ship to the visual and‘instrumenf cues which they‘accompany in the
alrcraft. The perceptual Iimitations of the pllot permits some dig~-
crepancies to exist hetween the simulator and tﬁé aireraft, buf these
are relatively small, and are proportional to the normal time periéds
existing in the airc#aft, between the occurrence of motion and visual
cues., Therefore, the accuracy ofAvisual'and motion cue coordination
shall be within 10% of the relatlionships measured'in the aircraft

Citself,
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6.2.9.4 Maintenance Features

A signal substitution panel shall provide the capability
of operating the visual system without the SMS computer and DCE
to aid in maintenance and to do the necessary calibration, e.g.,
positional accuracy. The following equipment shall be required: 525
line black and white monitor as a substitute for the payload handling
station monitors, test image generators, e.g., resolution and color
patterns, signal generators, oﬁtical rneasurenent devices, e.g., for
display brightness and resolution, etc., devending upon the visual
system design.

6.2.9.5 09 Monitor Pentures

Two types of visual monitoring requirements are required,
one a repeat of the crew's visual scene, the other, a graphic and
alpha-numeric representation of significant system performance para-
meters.,

Visual Scene Reneater - The repeat of the crew's visual

scene is important since 1t provides the instructor with information
in his display to be able to see the same spatial relationships and
vehicle attitudes as observed by the crew in their visual scene,

6.2.9.6 _ Softﬁare Drive Requirements -

The visual simulation programé shall be ofganized along
Joglcal lines corresponding to visuval system hardware subsystems
and will be readily identifiable by function. Tteration rates of the
programs will be sufficiently high to ﬁre#ent any noticeable "stair- |

casing" of output signals in the visual systems, :

| ’ i
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The visual scene must appear in correct perspective
when viewed from the Commander's nominal eye position and the pilot's
noninal eye position and the rear window nominal viewing positions.
In addition, the visual software will determine the positions and
directions (i.e., line of sight) of the five remote manipulator
system's TV cameras, Each TV camera will be tréated separately as
individual windows.

The visual system software will interface at a mininmum

with the following software programs:

=
b.
Coe

d.

B,

.

Orbiter equations of motion

External hydrogen-oxygen tank equations of motion
Ephemeris systen _

Target vehicles equations of motion

Remote manipulator system

Payload bay doors equations of motion

The Shuttle Mission Simulator shall be used with or

without the visual system via a switch on the I0S. .
| ‘The thickness of the cloud layer is selectable at the

I0S (i.e., altitudes of cloud top and cloud bottoms), however, a
software check i1s required such that the cloud layer of sufficient
thickneso will exist to accommodate the necessary image generation

changeo from an orbital earth scene to an earth scene

consisting of terrain information,
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The visual hardware shall be driven by the software
using closed loop techniques, To accomplish these techniques, positive
position feedback of image generation equipment parameters, e.g. the
coordinates of the probe with respect to the model or the position of
film with respect to the pickup optics - shall be fed back into the
computer complex to be used by the visual software programs in calculatbir
the drive command signals.

6.2.9.7 Visual Grevhics

The contractor will furnish the customer the masters
of the graphic material such that first generation copies may be
generated after acceptance; for example, the original film if the
visual system design includes film, the original modelrdrawings if
the visual system design includes a camera/model system and the
original environment model on a mass storage device if the visual

system design includes a computer image generation system.,

&
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6.2.10 Shuttle Svstems Simulation Software (WRS #1.8.1 and 2.8.1)

6.2.10.1 Electrical Power System (EPS)

t The EPS simulation shall be divided into three major divisions:
Power Genreration, Power Distribution, and Power Loading. The simulation
shall have a response accuracy of *5% of the steady-state telemetry or
display parameter range for calculated values within one second after a
transient occurrence and an accuracy of *1% within two seconds. The long
term simulation error after eight hours run shall be less than 210% of

the parameter measurement range.

During non-integrated modes of training, the Shuttle Mission Simulator -

L

'éhallgnnvide realistic simulation of other docked vehicles

or attached payloads electrical interface parameters, :

The control of these simulated interface parameters shall be provided
to the IO0S station. Mating of interface power cables, which is
normally a manual crew operation, shall be acéomplished either by

setting an 10S control parameter or by the crew procedure of using
a simulated power cable in the crew station area. Where handling of

cables is considered of training value, the cables shall be provided.
All power in the simulated cable shall be limited to that level re-

quired to simulate a mated connection. During all modes of
training, the in;erféée between EPS and the PMS and the telemetry

system shall be provided.
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6.2.10.1.1 Power Generation

6.2.10.1.1.1 Fuel Cell
| The fuel cell simulation shall calculate all intefha1 and irterface

parameters that correlate to the power loads and losses of the cell. These
equations shall also calculate the reactant parameters that are instrumented
on the 1iguid oxygen and liquid hydrogen cryogenic tanks. Mass property
parameters shall be calculated for interface with the equations of Weights and
Balances. Thermal parameters of the fuel cell and its cryogenic system shall
be calculated for interface with the equations of the thermal systems of ECLSS,
TCS and TPS. All logic of the control system for the start-up, run, and shut-down
of the fuel cell and the cryogenic storage system shall be included for crew
station inputs, simulated up-link commands, and internal electronic logic.

6.2.10.1.1.2 Charger-Battery

The Charger-Battery equations sha]]rca1cu1ate all internal and
interface parameters that correlate to the power loads and losses of the
charger and the power loads and losses of the batteries. These equationé shall
account for internal power losses, all control logic between the charger and
baftery, and shall provide”realistic battery output voltage levels as a function
of battery statéwof-cha?gé; batteky temperature, and battery current, internal 7
impedance, and load. The charger simulation shall provide the logic of the |
real-world system for control of the rate-of-charge of the simulated battery.

LN
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The electrical load of the simulated charger, including efficiency, shall be
calculated for interface with the Bus Loading equations. The thermal
parameters of the charger and battery shall be calculated for interface

with the equations of the thermal systems of ECLSS, TCS, and TPS. All

Togic of the control system for activation, run, and shut-down of both the
charger and the battery shall be included for crew statfon inputs, simulated
up-1ink commands, and internal switching logic. |

6.2.10.1.1.3 Generator

6.2.10.1.1.3.1 APU Generator |
. The APU Generator simulation shall calculate all internal and
interface parameters that correlate to the power loads and losses of the APU
alternators. These equations shall account for all internal power losses,
all control logic, and also provide a realistic output voltage level and
frequency as a function of power input to the alternator. The theéﬁal parameters
of the alternators shall be calculated for interface with the thermal control
systems of ECLSS, TCS, and TPS. A]] logic of the control system for activation,
_run, and shut down of the alternator shall be 1nc1uded for crew stat1on 1nputs,
simulated up- 11nk commands, and internal switching logic.

6. 2 10.1.1.3.2 ABPS Generator o .

The ABPS Generator simulation sha]] ca]cu]ate a11 internal and
interface parameters that correlate to the power loads and losses of the ABPS

alternators.
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These equations shall also account for all internal power losses, all control
logic, and also provide a realistic output voltage level and freguency as a
function of power input to the alternator. The thermal parameters of the alter-
nators shall be calculated for interface with atmospheric properties from EOM
Aerodynamic Data. A1l logic of the control system for activation, run, and
shut-down of the alternators shall be included for crew station inputs,
simulated up-link commands, and internal switching logic.

6.2.10.1.2  Power Distribution System

6.2.10.1.2.1 AC Power Distribution

The AC Power Distribution équations shall calculate the voltage
levels at all instrumented buses which have sensors for on-board display or
_ for'telemetry transmission. All Toads shall be handled as resistive, non-
capacitive, non-inductive loads. The equations shalil provide an interface
between the AC power generation equations, the bus loading equations, and
all AC power using systems. All switching logic for the control of bus
interconnection shall be handled by the power switching logic equqtions.'a

6.2.10.1.2.2 DC Power Distribution - | -'_ __1mj;_L”_J71i‘”£;

%, ‘The DC Power Distribution shall calculate the voltage levels
~at all instrumented buses which have sensors for on-board display or for
telemetry transmission. A1l loads shall be handled as'purely resistive loads.
_ The equations shall provide an interface between the DC power generating |

equations, the bus locading equations, and all DC power using systems.

o
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A1l switching logic for the control of bus interconnection shall be handled

by the power switching TOgic equations.

6.2.10.1.2.3  Power Switching Legic

The power switching logic equations shall provide the calculation
of the switching logic between the EPS buses and the electrical power sources.
These switching logic equations shall take into account all inputs either
from the crew station or by up-link command, and shall include all internal
switching logic controls for the inter-network of buses. This system shall
handle all switching logic of both AC and DC systems and shall include the
logic of connecting the power sources to the bus network.

6.2.10.1.2.4 Power Control and Display

The Power Control and Display equations shall have two main
functions: control of circuit breakers; and calculation of the Control and

Display converter/signal conditioner power for activation of the crew station
meters.

Circuit breaker control shali be provided for all Shuttle
vehicle circuit breakers accessable to crew members. Simulated circuit
breakers outside of the crew station shall be software function;i

'The ¢ontfol,of the circuit breakers sha11 inc1ﬁde a simu-
lation of circuit breaker response to overload_condlpions. On sensing
overload conditions, provision shall be ﬁade to open the simulated

circuit breaker. This capabﬂ1ty shall exist for the (TBD)

types of circuit breakers. For certa1n ma1funct1ons, the manual-

ly controlled circuit breaker shall be opened by the iInsertion of the

mal function.
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The simulation of the converters used for display and con-
trol purposes, shall be limited in fidelity to a go-no go logic. That
is, with normal input power and the converter not malfunctioned, the
converter output voltage shall remain constant regardless of the minor
load fluctuations and with low input power, output power goes to zcro.
Pocwer available booleans shall be established for using syétems so that
the availability of contrel and display power is taken into account in

simulation of crew station displayed parameters.

6.2.10.1.3  Power Loading

6.2.10.1.3.1 Transformer-Rectifier Units

The transformer-rectifier equations shall calculate all internal
and interface parameters that correlate to the power loads and losses of the
Transformer-Rectifier units. These equations shall also account for all internal
power losses, all control logic and regulation, and also provide a realistic
output voltage level as a function of power input to the unit. The thermal
parameters of the transformer-rectifier units shall be calculated for interface
with the thermal control systems of ECLSS, TCS, and TPS. |

6.2.10.1.3.2 Inverter Units

The inverter equations shall calculate all internal and interface
parameters that correlate to the power loads and losses of the inverter units.
These equations shall account for all internal power losses, all control logic and
phase relation, and also provide a realistic output voltage level
as a function of power input to the unit. The thermal parameters of ﬁhe
inverter units shall be calculated for realistic interface with the thermal

control systems of ECLSS, TCS, and TPS.
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6.2.10.1.3.3 Bus Loading

The bus loading equations shall provide the interface between
systems which use electrical power, both AC and DC, and the power distribution
system. The program shall accumulate the electrical load of each using system,

1nc1uding the effect of supply voltage, on each bus in the electrical network.
Loading equations éhall provide all transient loads that
affect crew station display instrumentation. Minor electrical
loads which do not cause motion of crew station display instrumentatign
shall be provided for by accumulated loading under control of the

instructor.
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6.2.10.2 Mechanical Power System

6.2.10.2.1. Auxiliary Power Unit

The Auxiliary Power Unit simulation shall provide for the majinr
areas of power generation by the turbines, the fuel supply, the power
1oads on the turbine, the fire protection system, and the lubrication system.
The overall system response shall be within + 5% of the steady state
calculated value within one second, and + 1% of the steady value within
two seconds following a system transient. The long term accumulated

simulation error after eight hours run shall be less than + 2%.

6.2.10.2.1.1 Power Generation
The power generation equations shall calculate all internal
and interface parameters required for the turbine engine combustion cycle.
This shall include parameters of the catalytic reactor p1étes, the combustion
chamber, and the exit ducting. These parameters shall include electrical
heater loads, efficiency or reaction/combustion, temperature, pressure and

the tachometer speed. Fuel consumption shall reflect the engine load.

6.2.10:2.1.2  Fyel Supply System

The fuel supply system shall ca]culate a]] internal and
1nterface parameters requ1red for stor1ng, hand11ng, cond1t1on1ng, and
control of the hydrazine fuel for the gas turbine. Among the items to
be simulated are the He pfessurizatibn subsystem, the.storage and handling
of the liquid hydrazine fuel, the transformation of the Tiquid fuel to

| a gaseous stéte, the temperature control of the fuel lines, and the
contro] 1og1c of the va1v1ng Parameters to be calculated
sha?] include, but not be 1imited to, quantity remaining, flow rates,

heat transfer, temperature, and pressure.
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6.2.10.2.1.3. Power Loading

The APU power loading equation shall provide the summation of
all loads, both mechanical and electrical, to the power generation
equations. These loads shall include the electficaI alternators, the
hydraulic pumps, the fuel pumps, and the lube pumps. Efficiency of the

gear drive system shall be taken into account.

6.2.10.2.1.4. Fire Protection System

The fire protection system shall provide all controls and
logic associated with the storage and use of the CO, extinguishers and

the logic of the fire detection components.

6.2.10.2.1.5 Lubrication System

The lubrication system shall calculate the interface parameters
and control Togic for the lube oil/water boiler heat exchanger, the lube

oil/air cooler heat exchanger, and the Tube 0il circulation system.

6.2.10.2.1.6 ' _Control & Display Looic Subs «~tem

The logle for the controls and displays of the APU shalll
be simulated to incluae.bofg‘autoﬁatic aﬁd-éénﬁallstért up and shut
~down of the units. Controls and displays to the ¢ré; shalf include
“simula;ioﬁ.fidéli;yffﬁf.seéuencing of switchés, ;ir;ﬁif'ﬁréakers,
and logié sequencer udiﬁsmfb open/close Qalves; fSpeed control shall
be simulated to provide‘realistic paraﬁeters for'érew disélays and
télemetry for start up and shutdown sequences.

: o i
Interfaces with the EPS, ECLSS, instrumentation, and TCS§

shall be incorporated into the simulation process.
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6.2.10.2.2  Hydraulic Power System

-The hydraulic system simulation shall provide for the five arcis
of the power unit, the reservoir and circulation pump, the hydraulic load,
the legic involved with control and display of the fluid state, and the
heat exchanger. Thé overall simulation response shall be within +5% of the
steady state value within one second and be within +1% of the steady state
value within two seconds following a system transient. The accumulated
simulation error shall not exceed +2% at any time.
6.2.10.2.2.1 Pover Unit
The power unit simulation equations shall provide for all internal
and interface parameters pertaining to the cénversion of mechanical turbine
shaft energy into hydraulic pump oufput. To be included in these equations
shall be pump efficiency, flow rate, heat gained, pressure, and temperature

of the fluid.

6.2.10.2.2.2 . PBerorvoir an! Circulation Subsystem

The hydraulics reservoirs, accumulators, heaters, and
circulation pumps shall be simulated. The simulation shall include
,calqulatiohs 6f hﬁﬁféﬁlic fiuid temperature,J_pres;u;es, Elow rates,
" oil viscosity, and ﬁuantity ievels. The flui& circulation system
shall incluhe-gll §uﬁps,_valving, ﬁfeééufe-re;ulatorsg and"flow
1imiting orifices or chéck valves. All:automatic valving control
logic shall be simulated for realistic time aﬁd functional responsus,

o
X
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16.2.10.2.2.3 Poﬁer Loading

The power loading equations of the hydraulic system shall provide
summation of the loads from all usirg hydraulic actuators to the reservoir
and circulation system. The summation parameters shall include the

effect of pressure levels to each actuator.

6.2.10.2.2.4 Control and Display Logic

The control and display logic simulation shall provide all
hydraulic system control logic, whether electronic, mechanical, or hydraulic
used for valve and pump control. The equations shall also provide those
parameters for crew station meter display which include control and display
pover available booleans from the EPS control ard display equations.

6.2.10.2.2.5 Heat Exchancer Unit

The heat exchanger simu]ation-prOQram shall provide interface
equations and parameters for the air coolers, ECLSS coolant loops, the
water boilers, and the hydraulic line/reservoir/accumulator electrical
strip heaters. These equations shall relate Qenera11y to heat flow and

temperature of the exchangers.

ye
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6.2.10.3 Main Propulsion System (Less Controller)

The Main Propulsion System shall be simulated with the fidelity
required to provide realistic reSpénses for all crew displays and tele-
metry data of the external tanks, lines, valves,pre-burner turbines,
recirculation pumps, pre-burner feed pumps and helium pressurization
system. The simulated system parameters shall include fuel flow rates,
turbine rpm, temperatures, pressures, and thrust level output. Inter-
face and internal parametefs shall be generated fbr pressurization,
re-pressurization, fill, dump, recirculation of fluids and gases,
purge and drain’ diffusers, anti-slosh rings, anti-vortex baffles.
Controlling inputs from the crew station or from interface with the
commands from the GN&C computers via the controller shall be provided
to the simulated system. Stabilization of the simulated system follow-
ing power level changes shall be similar to the reai-world system for
rate cof response. The system shall have an accuracy of +17 of the real

 world telemetry or display parameter range for calculated values within
1 second after a transient occurrence. Refer to Contr;is andﬁD15plays :
paragraph 6.2.3.2.4 for;meter response requirement. Prior to liftoff,

the start'logic and thrust buildup characteristics shall be provided
for quick response and stable operation while maintaining realistic

" sénsor parameters. At liftoff and until thrust tailoff, the engine aﬁi

an operational power level shall have an average acéuracy of +1000 1bs.

thrust and 0.05% mass as referenced to the operational flight trajectory

data. Upon command to shutdown, the thrust tailoff shall be simulated
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so that the total impulse from each engine averages the same power

level of the engine at cutoff. Fuel consumption shall also reflect

the intermediate time step; if required, to meet the above mass

accuracy requirements.
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6.2.10.4 Reaction Control System

The Simulation of the RCS reauires realistic resnonses for all crew
displays and telemetry data of propellant tankage, linessreaction heaters, helium
pressurization system, and engines. Controlling inputs from the crew station
and GM&C computers shall provide realistic values and time response. The
simulation shall have a response accuracy of + 1% of the steady state telemetry
or display parameter range within one second following a transient occurance.

The long term simulation error after eight hours run shall be less than + 1% of
the parameter measurement range. In the manual attitude or translational
control mode, the total specific impulse error for each jet'shall be less than

+ 100 1b-seconds. In the minimum impulse mode or a computer controlled engine
firing mode the total specific impulse error shall be less than + 1 1b-second.
Instrumentation and mass errors are both limited to + 1% of the measurement range

or, in the case of mass of fuel remaining, the total tankage quantity.

This system shall be unaffected by operation in the Integrated and Non
Integrated Modes of Operation with other trainers or data networks since there
are no direct interface requirements.

The deployment of the RCS doors shall be simulated and hydraulic

quantity usage supplied to the hydraulic power system. Power loads

i

shail be supplied for the electrical power loading program.
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6.2.10.5 Orbital Maneuvering System

ments.

similated.

-

lines, valves, and helium pressurization system.

The Orbital Maneuvering System shall be simulated for realis-
tic‘responses for all crew displays and telemetry data of the tanks,
The engine system
shall be simulated to provide realistic display and T/M parameters
for fuel flow rates, fuel and oxidizer dump,temperatures, pressures,
and thrust level output. Controlling inputs from the crew station
or from interface with the commands from the GN&C computers shall be
provided to the simulated system. Stabilization of the simulated
system following power level changes shall be similar to the real-
world system for rate of response. The system shall have an accuracy
of + 1% of the real world telemetry or display parameter range for
calculated values within 1 second after a transient occurrence., Refer

to Controls and Displays paragraph 3.5.2.4 for meter response require-

The start logic and thrust buildup characteristics sha]] be prov1ded for quick
response and stable operation while ma1nta1n1ng realistic sensor parameters
After start and until thrust tailoff, the engine at an operational power level
- shall have an accuracy of + 20 1bs thrust and 0.2% mass as referenced to the
operational flight trajectory data. Upon command to shutdown, the thrﬁst tailoff |
-shail be simulated so that the total impulse from each engine averages the same
power level of the engine at cutoff. Fuel consumption shall also reflect the

intermediate time step if required to meet the mass simulation requirements.

‘The modular addition of fuel tanks in the cérgo bay shall be
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6.2.10.6 Air Breathina Engine Svstem

simulated.

range.

fuel controllers, and boost pumps.

shall be under instructer control.

rate of response.

tures, pressures, and thrust level output.
the start logic and thrust buildup characteristics shall be provided
for quick response and stable operation while maintaining realistic

sensor parameters.
The engine shall have an accuracy of 2% of the total real
world thrust range. The fuel remaining shall be accurate within 27

of the total real world fuel tank capacity. All other parameters shall

have an overall accuracy of +4% of the real world system instrumentatior

T second after a transient occurance,

The Air Breathina Encine System shall be sirmulated for realistic resnonse
for all crew displavs and telemetry data of the fuel tanks, 5upp1y lines, valves,
Simulaticn of the in-flight refueling syster
The support enuinment functions of the fire
detection units and thé fire extinguishing system shall be sinmulated. Centrollinn
inputs from the crew station or from interface with the commrands from the GHAC
corputers shall be nrovided to the sfmulated system. Stabilization of the simulated
systar following power level chances shall be similar to the real-world system for
The system shall have a general stability accuracy of + 1% of

the real world telemetrv or disnlay parameter rance for calculated values within

The enoine system shall be simulated to provide realistic display and T/M

parameters for fuel quantities, fuel flow rates, turbine rpm, tempera-
For ground or air starts,

The engine run down characteristics shall also be

$imulation shall provide power available booleans to the EPS
simulation for the alternators and also provide hydraulic pumping rates
to the hydraulic power system and the Caution & Warning System.
) The air breathing engines shall be simulated only when the
engines are installed. Instrumentation providing crew‘displays ox

telemetry shall be simulated if not removed with the engine nacelles.

3
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6.2.10.7 Solid Rocket Motor

The Solid Rocket Motors shall be simulated for realistic
response for all crew displays and telemetry data of thrust, temperature
and pressures of the strap on booster and the separation rockets.

The function of the fire detection units shall be simulated. Controllina inouts
from the crew station or from interface with the commands from the GNAC computers
shall be provided to the simulated system. Thrust vector control of the nozzle
shall be accomnlished by control innuts from the GN&C svstem. The system shall
have a stahility accuracy of *+ 1% of the real world telemetry or disnlay narameter

range for calculated values within 1 second after a transient occurrence.

The engine systems shall be simulated to orovide realistic display and T/M
parameters for temperatures, pressures, and thrust level outnut. Prior to 1ift off,
the start logic and thrust buildup characteristics shall be provided for quick
response and stable operation while maintainino realistic sensor parameters.

Ihe engine simulated parameters shall have an accuracy of + .05% of the predicted
or design thrust and mass range. A11rother parameters shall have an overall accuracy

of + 2% of the real world system instrumentation range.

ik

-
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6.2.10.8 External Tank = ET

| The External Tank System shall be simulated for realistic
response for all crew displays and telemetry data for the separation
logic controls and responses. Controlling inputs from the crew
station shall be provided to the simulated system.

The simulation of the range safety system shall not be
required. Electrical power. interface and simulation of the external
tank batteries will be provided by the EPS simulation. The Main
Propulsion Simulation will include the simulation of the fuel and
oxidizer tanks, sensors,.and valving. Subsequent to the jettison

maneuver, simulation of the External Tank System is not required.
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6.2.10.9 Cuidance, Navigation and Control (WBS #1.2.5 & 2.2.5)

6.2.10.9.1 Aerodynamic Flight Control

6.2.10.9.1.1 Aerosurface Control

The elevon, rudder/speed brake, and body flap aerosurface control
systems shall be simulated. Aerosurface position commands from the

primary and back-up flight control system, aerosurface positions and hv+
draulic flow rates shall be calculated and shall be made available for
display and for other systems. Response of the simulated system (rirc
constants, maximum overshoots, rate limits, etc.)shall not be detectably
differcent from that of the feal-world system, and shall not introduce
detectable divergence from real-world response into the control dyramic:
closed loop, in nominal 0peration.' By detectable divergence is meant
any anomaly which may be perceived by the crew as such, either by fooli
vehicle dynamic response, viewing cockpit meters, monitoring CRT rcad-
outs, or watching out-the-window visual. Discrepancies which are of tod
brief duration to be sensed by a human, or which are of so small a mag-
nitude as to be within all applicable meter/display accuracy tolerances
are not detectable. Simulated system response (open and closed loop)
shall reflect hydraulic system malfunctions and electrical system
malfunctions, if present. The role of hydraulic pressure monitors and
other failure detection equipment in the real-world systems' redundancy
management shall be simulated. The simulated control surfaces shall
exhibit the same position limits as the real-world actuators.
6.2.10.9.1.2 Air Data -

The air data system and angle of attack transducers shall
be simulated. Simulated real-world data, on which simulated air data ig
based, shall be consistent with that used in the simulated aerodynamic'
equations.

6.2.10.9.2 Spacecraft Flight Control

The spacecraft flicht control comnonents' electrical-loads and hydraulic
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flow rates (if applicable) shall be simulated. The cimulated spacecraft
flight control components shall reflect the effects of electrical paver
system and hydraulic system malfunctions. The performance of components
shall reflect the effects of applicable control switch settings and oth$r
crew inputs.

6.2.10.9.2.1 MPS Thrust Vector Control

The simulated main propulsion system thrust vector contrgl

system shall calculate the position of the simulated main engine gimbal:
for displays, the equations of motion, and other systems. Parameters
used for telemetry and on-board display shall be calculated. The
simulated thrust vector control system shall exhibit the same position

and rate limits as the real-world system. Simulated system response

to transients shall not detectably differ from that of the real-world

system. Thrust vector coantrol response shall be simulated with sufili-
cient accuracy as to not detectably degrade closed loop control-vehicle
dynamics response in any applicable flight regime - as compared to reals
world. The role of hydraulic pressure monitors and other failure de-
tection equipment in real-world redundancy manageﬁent shall be simulated.

6.2.10.9.2.2 S8RM Thrust Vector Control

The simulated boost SRM Thrust Vector Control System shall
calculate the direction of the thrust vector for each of the strap-on
boost solid rocket motors, while those motors remain attached to the
shuttle vehicle. Parameters used for thrust vector control system shall

exhibit the same positian and rate limits as the real-world system. The

‘simulated thrust vector control response characteristics to input commande

shall be sufficiently accurate as to not detectably degrade closed-loop
control /vehicle dynamics response in any flight regime prior to separa-
tion. The role of failure detection equipment in real—wo;ld redundancy

rmanagement shall be simulated.

6.2.10.9.2.3 OMS Thrust Vector Control _ -

: The simulated Orbital Maneuvering System thrust vector
control system shall calculate the position of the simulated OMS engine
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gimbals for displays, the equations of motion, and other systems.
meters used for telemetry and on-board display shall be calculated.

Parazt

The

simulated thrust vector control system shall exhibit the same rate and

position limits as the real-world: system. OMS thrust vector control
response shall not detectably differ from that of the real-world system,
Simulated OMS thrust vector control response accuracy shall be adequate

to ensure against degradation of control-vehicle dynamics closed-loop

response in any applicable flight regime.
6.2.10.9.2.4 Star Trackers

Each of the on-board star trackers shall be simulated, and
shall provide target azimuth and elevation angles when in tracking mode
to the on-board computer. The simulated star tracker shall exhibit the
same field of view in each scan or tracking mode as the real-world
system. The simulated star tracker search mode shall operate at
approximately the same speed as the real-world device. During simulator
slow time mode, scan speed shall be reduced in the same proportion as the

speed of other processes is reduced. Earth, solar and lunar interferenge

effects shall be simulated. 1In tracking mode, identification of the star
or planet being tracked, azimuth, and elevation from both ephermeris any

simuilated star tracker output shall be available for instructor display}

6.2.10.9.,2.5 Rendezvous Radar

Each ofﬂﬁhe on-board rendezvous radars shall be
"simulated. The simulated rendezvous radars shall provide the same

parameters to the on-board computer as do the real-world devices.
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6.2.10.9.2.6 PRody Mounted Rate Sensors

Each of the vehicle body mounted rate sensors shall be
similated. Its sensed rate shall be availsble for display, and other
systems. Rate sensor accuracy shall be comparable to the accuracy of

the real~world devices.
6.2.10.9.2.7 Body Mounted Accelerometers

Each of the vehicle body-mounted accelercmeters shall be
simulated. Its sensed acceleration shall be available for display and
other systems. Simulated sensed acceleration from accelerometers shall
include accelerations arising from location of the device at a position

other than the vehicle center of mass, as well as acceleration of the

vehicle center of mass.
6.2.10.9.3 Inertial Measurement Unit

Each of the on-board Shuttle Vehicle Inertial Measurement
Units (IMU) shall be simulated. Each of the operating modes of the real

world IMU's shall be simulated. The simulated IMU's shall possess the
same yealignment capabilities as the real-world devices. The self-test

capabilities of the actual IMU's shall be simulated. The IMU simulation

shall draw power from the simulated Electrical Power System, and shall
tespond to Electrical Power System malfunctions in a similar fashion to

the real-world IMU's. IMU power switching shall be simulated.” The

effects of non-nominal temperatures upon the IMU's shall be simulated.
The IMU temperature control system shall be simuleted, including its

interface with vehicle Electrical Power System and Environmental Control
System. The simulated IMJ's shall respond to pertinent crew control
inputs and switch settings, and shall calculate all IMU parameters which
may be displayed to the crew in the actual vehicle. All parameters used
in real-world telemetry shall be calculated. Each simulated IMJ shall
acquiré its information on vehicle dynamics from the simulated equationg
of motion, and calculate from that information all parameters provided

to the remainder of the Guidance, Navigation, and Control system by
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the actual IMU's. The instructor shall be provided capability to vary
these parameters. The simulatéd IMU's shall be capable of operation
in other than real time. Following a vehicle “step ahead" or fast[slow
time, the simulated IMU's shall be rotated through the same angle as was
the vehicle, (If a Strapdown IMU is used, the IMU electronics shall

be reset in an analogous fashion to represent the new attitude).
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6.2.10.10 Communications and Tracking

The Communications_and Tracking system shall include the simulation of
all subsystéms providing these capabilities for the operational mission, All
subsystems shall be simulated in a realistic manner within real world accuracies
unless specifically stated otherwise. The individual subsystems to be simulated
include: S-Band Antenna, VHF Antenna, L-Band Antenna, C-Band Antenna, UHF/VHF
Antenna, S-Band FM Receivers, Wide Band Transmitter, DFI‘Transmitter, SGLS S-Band
Transponder, ERTS USB Transpondér, AM and FM VHF Transceiver, TACAN, ATC Trans-
ponder, ILS, Radar Altimeter and interface with switching logic for the above
subsystems. The system shall provide the capability of simulating multiple
ground stations representative of the stations to be used for communications and
tracking., Only those ground stations meeting antenna pattern and selection
requirements need be on line; however, all stations must be available from mass
storage.

6.2.10.10.1 MNavigation and Landing Aids

6.2.10.10.1.1 TACAN
The TACAN subsystem sha]] simulate the ground-based VORTAC/TACAN

stations providing range and bearj'ng infbrmation through the L-band antenna

system and the on-board triple redundant TACAN receivers/transponders. Both seérch
and 1o¢k-on_ modes shall be simulated.Computed &curacy of the bearing information shal
be i;().lo.The distance information shall have an error of less than +0.2 percent
at the distance measured. The simulation shall include mu]tible stations and
require the same procedure for acquisition and tuning as exists in the operational
equipment. The maximum number of ground;based stations'required at anj one time
shall be three {3); however, the capability of tuning to and receiving the correct

response from any station simulating the real world location shall not be limited
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in the simulator, Aural identification shall be included in the simulation of
each station. Radiation patterns of the ground stations shall be simulated

including the radio horizon, maximum range and cone of confusion.

Simulation of the on-board TACAN system self-test featur.s
shall be included in the siwmulation to the extent the process and re-
sults are visible to the crew. Range and Bearing information shall be
made available to the C&D subsystem for display and to the G&C subsysta%

16.2.10.10.1.2 Instrument Landing System (ILS) *

The ILS subsystem shall simulate the ground based and in-flight
equipment used to provide relative azimuth (localizer) and relative elevation
(gtideslope) with respect to the runway. Distortion of the radiated pattern,
including false nulls, shall be simulated under control of the instructor. Two
glide slopes shall be simulated -- a steep and a nominal giide slope. The
capability of selection of the glide slope and localizer by the instructor shall
be included. If not otherwise selected, the ILS shall be the correct simulation
of the prime landing site ILS system. The inner, middle and outer marker beacons
shall also be simulated. |

6.2.10.10.1.3 GCA Radar |
- Informat1on norma]ly ava11ab1e to a GCA operator sha11 be made T
available at the instructor console to allow the simulator instructor to serve
as GCA operator at his discretion. Information displayed ;hall be in an easy-
to-read form {ncluding distance from fouchdown, 6}bsé'track;"5hd'height over/
under the glide path. This information shall be available for at least 0 to 7

‘n.mi. from touchdown.

6.2.10.10.1.4 a1C Transpoﬁder

The ATC Transponder 'subsystem shallprovide discrete indications

of status to the appropriate dlsplays.
The status indicators shall respond to the conflguratlon

selection of the crew.
% Not currentlv a Shuttle requirement
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6.2.10.10.1.5

Radar Altimeter

The Radar Altimeter shall be simulated.

shall provide a measurement of transducer altitude above

The subsystem

the local

terrain to an accuracy of 1% of the altitude or 1 ft., whichever is

greater.

Microwave Landing System (MLS)

Sinulation of the MLS system shall provide range,

6.2.10.10.1.6

azimuth and elevation angle with respect to the runway landing center
line. The simulated airborne antennas operating in the C or Ku bands
shall provide coverage of iﬁSo in azimuth and +30° in elevation with
respect to the orbiter longitudinal axes. The system shall.have

accuracies corresponding to the realworld equipment. If real world
accuracies are not available, the simulated parameter errors shall

not exceed the greater of 1% of the simulated position and velocity

deviation off track and elevation or + 1 ft. and 0.5 FPS respectively.

i
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6.2.10.10.2 Communications

6.2.10.10.2.1 S-Band System

The S-Band communication system shall be simulated for
both air-to-ground and ground-to-air links. The simulation shall includ
equations to calculate_thg line-of-sight acquisition and distance be-
tween shuttle and acquired ground station. From this data and relative
body position, attenuation of signal strengths shall be calculated to
provide signal-to-noisé levels for‘injection of noise into the audio
communication link and AGC signal.

All automatic and manual switchingzlogic shall be included
in the simulation. Both crew station displays and telemetry data shall
reflect realistic value and response rate for all instrumented para-
meters. | . |

All telemetry data and video signais shéll be transmitted
for integrated simulator operation without interruption from loss-of-

] signai._ A bodlean shall be generated by the _SfBand_pr@gram”s}gnalling
ﬁhether or not each ground station has acquired or lost communication
foé telemetry ahd videﬁ; . . .

| o Theré shall be a minimﬁm of two voice communicatidn loops
for integrated training. Astro loops shall provide direct communicatiocn|
with the crew without attenuation of signal by calculated.signal*to-ngi;
ratio, This loop will provide a means of communication with the crew
station regardless of computer mode or operationai state. A dedicatcd

audic loop shall provide voice-with-noise depeandent on the calculated

i

e

e



DATE 12/22/72 THE SINGER COMPANY PAGE N0'6'204

SIMULATION PRODUCTS DIVISION | ¢
A 3723773 o REP. N
REV., B 6/22/73 | BINGHAMTON, NEW YORK . NO.

C 9/28/73

signal-to-noise ratio for the S-Band communication link.
Voice transmission shall be pfovided in all computer modes
: of-operation on the S-Band iine when & ground station is aéquired.

Command data shall be acéepted by the simulation only when
ground station control is possible. Imstructor override of the require-
ment for ground stationm control shall be provided.

| Instructor aids shall be provided to display the ground
station names or numbers when the stations have acquisition of signal,
the time of loss of signal.(LOS), and the.time.of acquisition of signal
(A0S) from the next ground statioﬁ in the flighﬁ path.

Wideband data simulation shall not be provided at a rate
higher than the limits of the External Interface Equipment. Refer to
Paragraph 6.2.5.8..

Doppler tracking and Pseudo Random Noise Ranging shall be
simulated by providing the calculated range of'the acquired station.

Instructor controi shall be providéd for insertion of_d£3persién effects.

o

e
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6.2.10.10.2.2 VHF System
| The VHF communication system shall be simulated for both air-to-
ground and ground-to—air linkage. The simulation shall include equations to
calculate attenuation losses for signal-to-noise level injection into the audio
communication line, |

A1l automatic and manual switching logic shall be included in the
simulation. Both crew station displays and telemetry data shall reflect
realistic value and response rate for all instrumented parameters.

A dedicated audio loop shall be provided for VHF communication with
the crew members. This loop shall have voice-with- noise dependent on the
calculated signal-to-noise ratio. '

Instructor aids shall be provided to display the acquired ground
station names or numbers. _

Acquisition of a ground station for communication shall be dependent

on line-of-sight of station, signal attenuation,'and on carrier frequency.

The 10S shall simulate the ground station system., Provision shall be made to
provide the I0S with controls for station and frequency selection.

16.2.10.10.2.3 Audio Control Center S

The Audio Control Center shall be simulated for all automatic and
manual switching logic and crew displays. Telemetry data shall also be provided.
Both crew station displays and telemetry data shall reflect realistic value

and response rate for all instrumented parameters. '

6.2.10.10.3 Rendezvous Tracking

ey

A rendezvous target vehicle based TACAN system fét each

free flight target vehicle shall be simulated. This TACAN system

Both ground station and shuttle transceiver must be set on corresponding freguencies.
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similation shall supply information only to the simulated GN&C

computer in a form such that software derives range and range rate.

Accuracy of the simulated TACAN system shall be +0.2 percent of the

distance measured with a maximum range of 300 n.m.

Lock-on modes shall be simulated.

Both Search and
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6.2.10.11 Instrumentation System
The Operational instruﬁentation System
shall‘be simulated for realistic response for all crew displays and
telemetry data. Controlling inputs from the crew station or the command
up-link shall be provided to the simulated syétem. The simulation
method shall display correct control and sequential logic. Variable
parameters such as instrumentation converter voltage outputs shall be
simelated at a minimum fidelity level of two state values. Power
available booleans for signal conditioning shall be established for
sensors, transducers, signal amplifiers, and support_of other system
signal provessing.
The Caution and Warning Systeﬁ shall be simulated similarly
to the other instrumentation. Signal conditioniﬁg and/or sensor
power available booleans shall be provided by the Caution and Warning
Program. Either out-of-tolerance booleans or variable parameter
state conditions shall be furnished by the generating systems Eo the
Caution and Warning Pfogram fof further processing prior to display.
The peffbrmance Monitoring System (PMS) Ehail be simulated to
the dégree of fidelity that all active PMS measuremeﬁts of the vehicle
can be made available to crew displays. The simulated reaction
dynamics and the creﬁ display shall be indistinguishable from the

actual system.
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6.2.10.12 Environmental Control/Life Support System (ECS)

6.2.10.12.1 _ECS

The ECE simulation is divided into four major divisions: Atmosphere
Revitalization and Monitoring; Thermal Control; EVA/IVA; and Water, Waste and
Fbod Managenent. The simulation shall have a response accuracy of + 5% of the
steady-state or display parameters range within one second following a transient
occurrence. Within twb seconds this error shall be a maximum of + 1%. The long
term simulation error after an eight hour run shall be less than + 10% of the

parameter measurement range.

During non-integrated modes of training, the Shuttle Mission Simulation
shall provide realistic simulation of other vehicle or unit thermal, atmosphere,
gas distribution, and liquid management for interface with the ECS simulation
program. The control of these simulated interface parameters shall be provided
to the I0S station,

6.2.10.12.1.1 Atmosphere Revitalization and Monitoring

The simulation of the atmosphere shall caiculate all internal and inter-

~ face parameters that correlate to the mixture of gases between the crew station

compartments. These compartments are to include the upp2r and lower crew station,

~ the airlock, the payload (passenger carrying pay]oadl and a docked vehicle, These

equations shall also calculate the reactant parameters for usage from the nitro-
gen and oxygen'ﬁatﬂ<: Mas; property parameters shall be calculated for interface wij
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the equations of Weights and Balances. Partial pressures of gases shall be

calculated. Oxygen usage shall be calculated for exchange with the cr);bgenic

'.simulation of the oxygen tanks. A1l logic for the control of values, regulators,

and timing shall be simulated. Carbon dioxide concentration and removal shall be
simulated for a manned vehicle. The number of ¢rew members is to be controlled
by the instructor at the I0S. A1l sensors and electronic loads shall be simulated

for interface with the Caution and Warning System and the Electrical Power System.

Atmospheric heating by electrical heaters or by the thermal control system is to

be simulated.
Atmospheric temperature and partial gas pressures shall be required

only for meter and telemetry purposes. Simulation of fire by malfunction entry
shall cause the carbon dioxide level to increase, however, no smoke shall be
generated in the crew stations. Circulation of the air conditioned atmosphere

within the crew station shall not be under computer control.

6.2.10.12.1.2 Thermal Control

The simulation of the thermal control loops shall calculate all internal
and interface parameters that are required to provide T/M and crew displays of the
water/freon heat management. The simulation shall include heat loads, temperature,

sublimation, and storage of the cold plates, cold walls, pumps, heat egchangers,

chillers, and radiators. |
The simulation shall include all electronic control logic for all

-water and freon control values and pumps. Heat loads/rates shall be provided to

the thermal system from the TCS, EPS, Hydraulic system, and using equipment
simulated on the cold plates.

During re-entry the system shall simulate the effect of the high heat
environment., The walls of the crew station shall not require active cold wall

simulation.
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The cryogenic storage of the hydrogen and oxygen liquid/
gases used for the fuel cell system shall be simulated for realistic
display in the crew station or telemetry. The fidelity shall include
simulation of heat flow, gas/liquid state calcuation,.and flow usage

as required by instrumentation.




DATE THE SINGER COMPANY ' PAGE NO.6~211
12/22/72 SIMULATION PRODUCTS DIVISION ‘

REV. A 3/2;/12 BINGHAMTON, NEW YORK REP. NO.
7 F

it

6.2.10.12.1.3 dater, Waste and Food Management.

Waste and Food Management shall not be simulated.

Water Management shall be simulated. The simulation shall calculate
the amount of condensate and urine in ‘storage and the amount of potable water
available. Replenishment water from the fuel cell process shall be taken into
account. Water usage by the thermal control shall also be accounted for. |

Fixed usage rates for electrical power for waste and food

management shall be included as variables under instructor control.

6-2 -10012 .1 04 t"n?:‘{ I'\;;!i

Simulation of the depressurization and repressurization
of cabin, airlocks, and other mating vehicles shall be réguircd. Ewi;:i
to paragraph 6.2.10.12:1 Atmosphere Revitalization and Monitoring for
simulation requirements for cabin gases.

The suit system shall be simulated for realisﬁic crew
displays and telemetry values of the simulated suit and conditioning
system. Simulation includes ventilation, pressurization, oxygen and
communications. The actual suit conditions shall be as defined in

iy
paragraph 6.2.3.1.6.1.

-

6°2-10-12-2 Thermal Protection System
Simulation of the Thermal Protection System shall be provided for
realistic displays on crew instruments and for telemetry instrumented data.

Thermal rates and temperatures shall reflect realistic value and response rate.

Interfacing parameters shall be provided to the other thermal systems

of Thermal Control System, Vent and Purge System, and the ECLSS.
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6.2.10.12.3  Thermal Control System

Simulation of the Thermal Control System shall be provided for realistic
displays on crew instruments and for telemetry instrumented data. Thermal rates

and temperatures shall reflect realistic value and response rate.

Interfacing parameters shall be provided to the other thermal-system

of Thermal Protection System, Vent and Purge System, and the ELLSS.

6.2.10.13 Pavload Accommodation System

6.2.10,13.1 Interfaces

The simulation of the payload shali provide the capability
of interface with simulated shuttle vehicle systems. The systems
that have interfaces include the electrical power, telemetry data,
command data, thermal and environmental control, communication,
navigation data, caution and warning, venting and purge control, and
payload instrumentation. For a particular payload a few, all, or

none of the above systems may require interface.
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6.2.10.13.2 Payload Structural Attachment

The simulated pay1oéd structural attachment subsystem shall simulate
the attachment status of each of the mission payloads during all phases of any
given shuttle vehicle space mission. The mass, inertia tensor {about its own
mass center), and position of the center of mass of each attached payload shall
be provided, in the shuttle vehicle mass nroperties coordinate system, for
cé1cu1ation of the simulated shuttle vehicle mass pronerties. This data shall
reflect current attachment positioﬁ and orientation of each attached payload.
During payload manipulation, forces and torques exerted by the attachment fitting
payload trunnion guides upon the payload and vehicle shall be simulated and be
available to the equations of motién. Upon payload attachment release, the
initial payload position and attitude shall be available to the equations of
motion. Contact position and rate requirements and constfaints of the attachment
devices shall be simuiated.

-

6.2.10.13.3 payload Deployment and Petrieval Mechanism

The simﬁ]ated dynamic state of the shutt]e.vehjc1e payload deployment
and retrieval mechanism shall be maintained at all times during which the mechanfsm
is not secured. Angular position and angular velocity of each joint shall be
available for-Idé.dispiayémpfoﬁfAﬁ'verification, and use by_other systems. Joint
positions and velocities éﬁa11 be maintained within a tolerance of one-third of
.“f”'tﬁe mechanism control accdraqy; and any other naraméteré which represent mechanism
sfate.shé11 exhibit comparable accuracy. The tachometers and potentioﬁeters on
each joint shall be simulated, and.their outputs provided for the on-board comnuter
and for display purposes. The drive motors and servo-actuator loops on each joint
shall be simulated, and theif open loon responée cﬁéracferiétfﬁsrshaTi be accurate
to within the perception of the operator. The full dynamics and'control loon

shall be simulated with sufficient fidelity such that the entire arm exhibits
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closed loop response characteristics not perceptibly different from those of the
real world system, with any payload mass of 2000 sluas or less, or with no arasped
payload, and during either acceleration or deceleration of a payload, or during
any other onerationaT tasks. The simulated mechanism shall take into account nover
available, and shall provide electrical loads to the simulated electrical nower
system. Joint travel 1im%ts, torque limits, velocity limits, and runaway actuator
controls and overrides shall be simulated. Redundant torque motors shall bhe
simulated. Brakes on joint movement shall be simulated, and shall be actuated and
released under the same conditions as the rea]-wofld subsystem. The manipulator
checkout system shall be simulated, and shall possess the same capability to act
as a backun manipulator control system as does the real world checkout system.
Real-world hanipu1ator denlovment and manirulator jettison devices shall be
simulated. The positions of the manipulator terminal device araspina bars shall
be maintained, and the device response to operator contro) shall duplicate that
of the real world system to within the perception of thé operator. -~The simulator
shall contain the simulation of a arasping-type zermina1 device. The desian of
the simulation shall permit the replacement of the graspina-type terminal device
simulation with a different terminal device by modificatioﬁ followina deliyery
with minimal impact. Realistic inputs to the simulated controls and displays
shall be provided to pperaéi the hand contact/engagement ipdicator and the berthing

R indicator. Position and orientation of wrist TV cameras and wrist floodlights

shall be maintained.

6.2.10.13.4 Payload Doors
The posifions of the simulated payload doors shall be maintained throuah-
out all space flight phases of simulated shuttle missions. The simulated doors

shall be segmentally operable in the same fashion as the real world doors. The

simulated door latches sh611 be simulated to actuate by proximity sensing in a
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similar way to the real world latches, and shall exhibit a sfmi]ar zip-fastener
action. The powered hinaes and their control shall be simulated, and door motion
shall exhibit the proper rates, taking account of the current status of the
hydraulic system. During openihg or closing of doors and radiators, dynamic
effects upon orbiter state shall be simulated. The structufa! and mechanical
interface between the payload doors and the space radiators shall be simulated.
The pavload manipulator latches shall be simulated, and shal) be actuated and

controlled in a manner analoqous to that of the real world systen.

6.2.10.13.5 Rerndezvous and Docking Sensorx

The rendezvous and docking sensor which will be carried on -

some missions in the cargo bay shall be simulated.
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5.2.10.13.6 Orbit Station

Each of the input parameters to the payload accommodation system from
the payload handling station shall be obtained from the payload handling station
hardware and distributed to the simulation software subsystems, Each of the
putput parareters from the ﬁay]oad zcconmodation system to the payload handliing
station shall be obtained from the simulation software and provided to the
simulated station hardware. Provision shall be made for malfunction of station
controls and displays. Parameter update rates shall be sufficiently high to
prevent perceptible lag, but sﬁa11 not be higher than those required or exhibited

by the real worid payload accommodation system,

p.2.10.13.7  Payload Bay Lighting

6.2.10.13.8 Payloads '

The simulation of the payload bay lighting shall be consistent with
the current relay status and configuration of the orbiter electrical power system.
This shall include all associated switches and c¢ircuit breakers. Each illuminated
payload bay floodlight shall provide power load to the electrical power system.
The control system of any floodlight which is capable of tracking a manipulator

arm terminal device, or which may be otherwise reoriented, shall be simulated.

The position amd orientation of floodlights attached to the manipulator arms shall -

be simulated, and the grientation of all other floodlights shall be simu1ated.

[

A generalized payload/free-flight vehicle shall be in-

cluded in the simulation. For purposes of defining this simulation,

the payload/free-flight vehicle simulation shall be controllable from

the Instructor Operator Station in attitude and translational maneuvers.

Simulation of the on-board systems shall not be required other than as

specified‘in the following paragraph.

Jet 1ogié shall be simulated to the extent that reasomnable

.
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deadband phase planes are exhibited, and that evident payload asttitude

rates and rate limits are reasonable. The instructor shall have the
capability to control payload attitude command. Capability shall also

be provided to automatically execute a limited number of maneuvers to

preprogrammed fixed attitudes as a function of external command.

Translational propulsion systems of detached payloads shall be

functionally simulated when present and in operation. Such

simulated systems shall provide realistic steady-state thrust forces and mass

flows while thrusting, and rea]iﬁtic total impulses and mass loss over the dura-
tion of a burn. Guidance systems which target and perform translational burns
shall be functionally simulated when they exist on detached payloads {e.g., the
space tug). These guidance systems shall be simulated to the extent that displays
which may be monitored by the crew {e.g., range, range rate, rendezvous targetting)
required telemetry parameters, and required ground tracking data show no obvious
anomalies during the interval in which they may be utilized. These pay]oad‘
systems shall be simulated in such a way to permit reconfiguration to a different
payload by altering a minimal number of reset terms. Simulation of other pay-

Toad on-board systems shall not be required at this time. Computer Toading, in
terms of core and time, shall not prec]ude.addition of simulated payload electrical
power, thermal control, telemetry, communication, instrumentation, command, tele-
vision, purge and dump, configuration change, etc., systemsffor particular and/or
geﬁera?ized payloads at a later t?'.me. Telemetry measurement values while
attached shall be constants except for propulsion mass flow rates.
The generélized free-flight payload shall be modeled after the Spring
1971 Fleming model Space Station'Moduie #64 (Control Module) which has
the following approximate characteristiecs: Mass = 20,700 lbs.,
diameter = 14.1 ft., length = 30.2 ft., and is designed for deployment

“into a 200 N.M. circular 550 inclination orbit.:

: i H .. ' i i . v
! : i ! ¢ i b T i : i §
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6.2.10.146 Miscellaneous Systems

6.2.10.14.1 Purge and Vent System

The Purge and Vent System shall be simulated only to the extent that
crew displays and telemetered data are realistic. Conditions relating to the
after-effects of the pre-launch air purge of compartments shall be required. All
control logic shall be simulated for responses to the crew's manual control

inputs.

Simulation of interfacing parameters to be used by the systems of ECS
and TCS shall be previded as required,
6.2.10.14.2 Landing/Brakin stem
The simulaticn of the landing and braking system shall in-
clude nose wheel steering, wheel braking, antiskid control, wheel

‘well doors, deployment/retraction, assembly for nose and main gear

including uplocks and downlocks, landing gear oleo strut extension/
compression, and nose wheel shimmy suppression at various landing
speeds. The drogue chute brake system shall be simulated for

deployment, normal drag forces, and release.

Interface parameters shall be established for the Visual Simulation,
the Aural Cue, and the Motion System. Refer to simulation requirements for these
systems for gear, brake,drogqechute, wheel shimmy, and touchdown. Hydraulic
and electrical power usage parameters shall be generated for the Hydraulic Control

System and the EPS lcading programs.

6.2.10.14.3 Speed Brake System

The SpeedBrake System shall be simulated with realistic crew displays

and telemetry data. Parameters shall be generated for interface with the aero-
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dynamic simulation of drag force progranmed and the Hydraulic Power simulation.

Response of surface to manual control inputs shall be realistic for both rate and

stability.

6.2.10.14.4 Ficcticn Seat lechanism

Simulation of the ejection seat shall be provided only for logic of

operation, crew display, telemetry, and preliminary motion. Ejection shall not

be recuired.

'6.2.10.14.5 1o raohenden

e et i

The simulated orbiter docking mechanism shall be operable only when

successfully deployed., The operation of the guide cone, hydraulic attenuators,

alignment rings, and capture latches shall te simulated when present. The

simulated capture latches shall actuate under the same conditions as their real

world ana]pgs. Forces and moments exerted upon both vehicles by the guide cone,

alignment rings and hydraulic actuators shall be simulated, and shall be similar

~ to those which would be exerted by the real world analogs with the same vehicle
,fe]ative states. Simulated docking,Iatcheslshé11'be acfﬁatéd uﬁder‘thé same
conditions as their real world analogs. Contingency or.emérgéncy.séparatien and

* jettison provisions shall be simulated. Provisions shall be made for interface
parameters in electrical power, telemetry data, command data, thermal and

environmental control, communication, navigation data, caution and warning,
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venting and purge, and target vehicle ins-trumentation. For a particular .
target vehicle, a féw, all, or none of the above systems shall re-

quire interface.

*a
¢y
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56.2.11 simulator Applications Scftware (WBS #1.8.2 and 2.8.2)

§6.2.11..1 TranéTatinn and Rotation Dynamics

6.2.11.1.1 Vehicles

The vector position, vector velocity, and attitude of the simulated
space shuttle vehicle shall be maintained in real-tine (and other time frarmes as
specified below), aiven body forces and morents, aravitational forces, and
vehicle mass pronervies. Body anaular rates and hody linear accelerations shall
be available for use in other systems, and for displays. Vehicle latitude,
qeoqranhic longitude, altitude above reference ellinsoid, around track headina

azimuth, relative velocity magnitude, flight path argle, radius magnitude

(boost/orbit/entry phases), inertial velocity magnitude (boost forbit/
entry phases), orbital elements (boost/orbit/entry phases), and time of
next orbital sunrise/sunset (orbital phases) shall be calculated for ouijor

systems and displays. Entry in the preceding sentence need not include
approach and landing. Capability shall be provided to maintain the above

parameters throughout 231l anticipated nominal and abort phases of
Shuttle space and ferry missions, with or without payleads, and for each
of the following configurations in the applicsble regimes:

® Orbiter + external tank + boost SRM's |

¢ Orbiter + external tank

¢ Orbiter + payload

" @ Orbiter + Air Breathing Engine

® Orbiter ST e |

During the prelaunch phase, vehicle inertial position and velocity
-and vehicle attitude shall be maintained to within 200 feet, .015 ft./sec., and
10'3 degrees, respective1y;'of the real world values. Neither the position |

discrepancies, velocity discrepancies, nor attitude discrepancies shall chanage

rapidly as to cause jitter or step changes perceptible by the crew,

At boost cutoff,'the simulated sﬁuttTe vehicle (without malfunctions)

shall be within 1200 feet, 6 ft./sec., and 1/2 second of nominal cutoff position,

velocity, and time. Durino the boost phase, the shuttle vehicle trajectory shall

remain within the 3¢ boost trajectory envelooe. During orbital coast, the
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simulated vehicle étate vectér shall not diverge from the reél-world
state vector by more than 750 feet in position or .30 ft./sec. in veloci
ty over one orbit, excepting errors due to the median orbital density
profile specified in Section 6.2.11.1.1.4. Dispersions between simulate
orbiter position and real~world nominal position following an automaticd
controlled decrbit burn shall be within nominal 3o dispersions, pro-

viding procedures (e.g., Iy alignment) are adhered to and no malfunc-
tions are entered. The translational and rotational integration schemed
(starting with linear and angular accelerations) used for boost and for
entry-atmospheric flight shall be of equivalent accuracy. The simulated
automatically controlled entry and transition trajectory shall be within
the 3 4 trajectory envelope. The discrepancy between simulated vehicle
attitude and IMU-derived attitude shall be within the IMﬁ error limicts

when the IMU is not malfunctioned. Rotational dynamics shall be simu-

lated to sufficienf precision to.permit proper control system response

(e.g., reasonable values of and response to pefturbation of TVC gimbal

angles, reasonable frequency of and response to RCS firing, reasonable

response to and values of aerodynamic control surface deflections, rea-
sonable response to aerodynamic turbulence) and proper malfunction res-
ponse (e.g., response to TVC gimbal hardovers or nulls). Provision shal
be made for the simultaneous simulation of the translafional and rota-
tional state of as many as three vehicles other than the space shuttle

vehicle. In the case of external tanmk jettison in orbit,

d

11
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poaition and attitude of the tank shall be maintained until such time
as the tank is displaced from the orbiter by 40 n.mi.; taking account of
gravitational forces, aerodynamic forces and moments, and tank deorbit
SRM thrust forces and moments. During payload manipulation, transla-
tional and roational dynamics of the manipulated payload shall be simu=~
lated. Effects of manipulaﬁor operation upon both payload and orbiter
dynamics shall be simulated. Relative position accuracy between the
manipulator tip and the orbiter ghall be maintained within the mani-
pulator control system tolerances. Positions and attitudes of deployed
payloads shall be maintained so 1ong as required far visual or radio
contact. Position and velocity of rendezvous targets or retrieval pay-
loade shall be maintained when within rendezvous ranging distance of
the orbiter. Attitudes shall be maintained when visually discernable.
Translational and rotational dynamics of detachad payloads and target
vehicles shall reflect gravitational forces, aerodynamic forces and

- moments, payload propulsion forces and moments, and payload control

- forces and moments. Target vehicle attitude control jet moments shall

be included in target vehicle rotational dynamics, when they exist.
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Target vehicle or payload attitude control systems will be functionally

simulated when they exist, and shall possess deadbands and rates similar

to the properties of the real world vehicle. Target vehicle attitude

control forces may be assumed, in the functional simulation, to act in

perfect force couples (i.e., no resultant force).

Simtlation software

design for target vehicle equations of motion shall include the

necessary interface terms to obtain and include in vehicle dynamics

no-zero resultant attitude control forces deriving from later payload-

unique modificatipns which include a more elaborate attitude control

simulation. Target vehicle translational propulsion forces shall be

included in target vehicle tranmslational dynamics, when a translational

propulsion system exists on the target vehicle.

Propulsive engines

of target vehicles or detached payloads shall be simulated functionally

to the extent that realistic steady-state thrust forces and mass flows

are produced while thrusting, and realistic total impulses and total

mass losses are produced over the duration of a burn.

Target vehicle

translational thrust force may be assumed,in the functional simulation,

Ky

’

to act through the mass center (i.e., no resultant moments from a

translational burn). Simulation software design for target vehicle

equations of motion shall include the necessary interface terms to

obtain and include in vehicle dynamics non-zero translational propul-

sion moments deriving from later

1]

payload-unique modifications which

include a more elaborate target vehicle propulsion/TVC similation. 1In

* ’
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the case of payloads or target vehicle possessing guidance systems
which target and perform translational burns (e.g., the space tug),
these guidance systems shall be functionally simulated to the extent
that displays which may be monitofed by fhe crew (e.g., range, range
‘rate, rendezvous targeétting), required telemetry parameters, and requird
ground tracking data show no obvious ancmalieslduring the interval
that they may be utilized. When performing extended station-keeping,
the fidelity of simulation of gravitational and aerodynamic forces

and moments upon the targetkvehicle and the integration of same to
obtain position and attitude of the target vehicle shall be comparable
in fidelity to that of the simulated orbiter. Aerodynémic properties,
propulsion properties (thrust, number of jets,.minimum impulse, etc.),
and control parameters used in target vehicle or'payload-dynamics
similation shall be capable of being reséﬁ to the appropriate values
for the particular payloads/vehicles present in a given mission, In
particular, the orbiter target vehicle in a rescue mission shall
reflect the aerodynamic properties of a space shuttle orbiter as
faithfully as the "prime" orbiter, and shalllrefléct correct control

behavior for an orbiter to within the perception of a crewman in another
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vehicle. Parameters such as range, range rate, orbiter-body-referenced
azimuth and elevation, and orbital elements of targer vehicles or
detached payloads shall be available for display. Reset parameters

for each relevant vehicle shall include vector position, vector vélocit}
attitude, attitude raﬁe,rany past values required in integration schemg
etc. When the simulator is placed in “operate'" after "freeze' or
"reset', vehicle dynamics shall not exhibit any transients due to

the mode change(s). Repeated changes of mode between "opcrate'" and
"freeze' shall not degrade the accuracy of the simulated dynamics. The
simulated dynamics shall be capable of operating at full precision

in non-real-time. Provisions shall also be made to operate the
equations of motion in a "step-ahead" mode, wherein only gravitational
and aerodynamic forces are simulated in mainﬁaining translational
dynamics and attitude/attitude rates are maintained unchanged with
respect to local horizontal, imn those mission phases where applicable
(which shall not include boost or flight at dynamic p;e;sure above

1 lb./ft.z), at accurac§ otherwige comparable to nominal pperatiom.

S,
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6.2.11.1.2 Orbiter Vehicle Configuration

The translational and rotational dynamics of the orbiter vehicle
shall be maintained in real-time in its operational space confiquration, with
variedlnayloadé or without pavload, and in its ferrv confiouration, whichever
is applicable in a given situation. The translational and rotational dvnamics
of the orbiter vehicle shall be maintained when docked to another vehicle.

6$.2.11.1.3 . Forces and Moments

The simutated space shuttle equations of motion shall, at the oroner
times, reflect the forces and moments arising from the followina effects:

8 Gravity |

@ perodynamics (including around effects)

@ Boost SRM Thrust

@ Main Engine Thrust

® MS Thrust

8 RCS Thrust

€ Air Breathing Propulsion System
® Ground Force |
Payload Manipulation

Docking

Venting and Dumping

¥ Senaration
& Liquids Slosh

@ Bending

Earth aravitational force shall be simulated including the first three zonal

“harmonics (J2, J3, J4) and the first tesseral harmonic (J22) throuchout all space
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for the approach and landing phase of orbital missions.

ft

sac.

body forces and moments when apnlicable.

mission phases,for the simulated shuttle vehicle, as well as all
other simulated target vehicles. Earth gravitational force for
ferry flights shall reflect a central force field, with gravitational

parameter that of latitude 30°N. Either gravitational model may be useq

During

space missions, agaregate numerical error (round-off, etc.) in the calculations

of qravitational force shall not exceed 10'5 ‘2. Agareqate error in the oravi-
tational force calcutations arising from all scurces shall be comparable to uncer-
tainty existing in the real world arising from the current values of the current
tolerances unon the values of the coefficients of the gravitational potential
function plus error arising from the nealect of higher-order harmonics {as calculated

using current values for these harmonics). Given the current c.g. locaticn,
momznts due to SRM, main engine, ¢MN5, and RCS thrust, and the APS

shall be calculated. At such time as landing gear is in contact with
the runway, the effects of forces and their associated moments exerted

by the gear upon the remainder of the vehicle shall be simulated.
During payload manipulation, forces and moments exerted by the manipulator amm

upon the remainder of the vehicle shall be simulated. During docking, the forces
and moments exerted by the docking mechanism unon both vehicles, and their effects,
shall be simulated; Forces and moments arisinglfrom ventin§ éﬁﬂ.dumﬁing the
external tank shall be simulated. Forces and moments of residual thrust and
separat1on SRM's3 upon the boost SRM's following staging sha1] be s1mu1ated Forces

and moments from the deceleration parachute system sha11 be 1nc]uded in tota1

6.2.11.1.3.1 Liquids Slosh & Elastic Structure Forces & Moments

flight performance change detectable by the crew.
6.2.11.1.4 Aerodynamics

The effects of liquids slosh and non-rigid body shall be
simulated to the extent detectable by the simulated sensors and the

ferodynamic forces and morents alona and about all three axes upon the
snace shuttie vehicle shall be simulated at all altitudes below 275 n.mi.

__Aerodynamic proverties of each of the space shuttle vehicle confiqurations spec*"'i_

{
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at those times during whfch each is in existence. However, at altitudes below
300,000 feet, only those vehicle configurations which may reasonably be expected
to exist on a nominal mission shall be simulated (e.a., no requirement exists for
simulating payload bav door cpen effects below that altitude). Full canahility
for simulation of aerosurface control malfunctions shall be maintained in any case.
Aerodynamic forces and moments shall reflect properly the effects of vehicle
relative velocity, atmospheric density, and vehicle attitude. Vehicle relative
~velocity shall reflect the effects of winds, including qusts and turbulence, unon
instructor request. Atmospheric density and speed of sound shall be calculated
as a function of altitude, with provision for variation of temperature-dependent
properties from standard day properties upon instructor request. A median density

vs. altitude profile shall be used at aititudes in excess of 300,000 feet.

A constant ballistic number shall be used for drag calculations
above an attitude of 100 n. mi. Atmospheric density will ,
be maintained within 2% of the appropriate nominal real- |

world value for all altitudes below 300,000 feet. Aerodynamic forces and moments
and hinge moments arising from any control surface deflections, or any corbinations
thereof, shall be simulated. Aerodynamic forces resulting from individual landing
gear deployment shall be simulated, when qear is not retracted. Ground effects
upon aerodynamic forces shall be siﬁulated. Damning derivatives shall be simulated
_where significant. Static and dynamic stability character;stics shall be
‘realistica11y simulated. Proximity aerodynamic effects during separation from 7
SRM's (and from external tank in sensible atmosphere) shall be simulated, for both
the shuttle vehicle and the jettisoned object. Stall characteristics shall be
realistically simulated, and vehicle behavior following a stall shall be
approximately correct. Stall recovery techniques, when applied to the simulated
orbiter, shall elicit prdner response, Angle of attack, sideslip angle, dynamic

nressure, mach number, and relative velocity shall be calculated for INS displays,
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and for other systems. Orbital aerodynamic forces and moments shall
be a function of vehicle attitude, dynamic pressure, and vehicle confi-
guration. Viscous interactions shall'bé included in the aerodynamic
model. Aerodynamic data used in the simulator shall be tabulated
and utilized in the same coordinate system(s) and under the same sign
conventions as those used by the Shuttle vehicle prime contractor. to
supply data. A simulator program shall be supplied to read and trans-
late into simulator format tape cutputs of the NR Aero Data Bank
Computer Program.

6.2.11.1.5 Coordinate Systems

An inertial, orthogonal, earth-center-fixed coordinate system shall
be provided, and state vector(s) shall be maintained within this svstem through
all ohases of space missions, except perhans final approach and landing. An
orthononal coordinate system fixed to the landing runway shall be provided, and
orbiter state shall be available in this system throughout final approach and
landing. An orthogonal, body-fixed coordinate system shall be provided, whose
x~ax1$.fs parallel to the orbiter longitudinal axis and whose y-axis is parallel
to the orbiter pitch axis. Body linear accelerations and anqular rates shall be
available for d1sp1ay in th1s system A local vert1ca1 coordinate system shall
“be prov1ded, whose z-axis is alona the vehicle rad1us vector and whose x-axis is
along local horizontal in the direction of motion. Yehicle attitude, in terms of
pifch, yaw, roll rotations, shall be available for displav in this system. Such
other coordinate systems shall be provided as are required for trajectory

verification, i.e., those coordinate systems utilized in reference trajectories.
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©.2.11.2  1Iass Properties

’6-2.11-2.1 Vehicles

The total mass of the shuttle vehicle shall be maintained throuohout
all phases of space or ferry missions. For each intearation of acceleration to
obtaiﬁ velocity performed hy the translational eauations of motion, a value of
vehicle mass shall be nroyided which is within .05% durina boost, and .3% durina
other flight phases, of the exnected value of mass required to introduce zero error
into the calculation of the armount of AV nroduced bv body forces curinn that
jntegration interval (as comnared to real world vehicle AY), excentinag disnersions
caused hv malfunctions, instructor-entered dispersions, or crew-activity caused
consumable or configuration deviations from normal. The location of the shuttle
vehicle center of mass and the vehicle tensor of inertia shall be maintained in
a hody-fixed coordinate system throuchout all mission phases. Shuttle center of
mass during powered flight shall be maintained to sufficient precision to ensure
that enaine gimbal angles and control surfaces {as anplicable) required to track
the center of mass and to cancel aerodynamic moments shall not be nércentib]y
different than those of the real-world vehicle in nominal oneration. During
powered flight and entry, shuttie center of mass and inertia tensor shall be
maintained within sufficient accuracy to nrovide vehic]e”TVC and aero-surface
control response characteristics sufficiently similar to those of the real-world
vehicle that error so introduced shall not be perceptible.: Durino orbital coast,
moments of inertia shall be maintained at all times within 1.0% of their nominal
value, and products of inertia (if body axes are not exact principal axes) to within
a tolerance equal to 5% of the smallest morment of inertia. At no tire shall

simulated mass properties change so abruptly as to be discernible by the crew as

—

a "step" change, unless the real-world vehicle mass properties

change abruptly at that point (e.g.; staging) . Mass Properties
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of detached paylcads or target vehicles shall be represented

by reset constants when no translational propulsion system is aboard
and anticipated mass changes are less than 5% of total mass. Mass

properties of detached payloads or target vehicles which possess a
translational propulsion system or whose anticipated mass changes are
greater than 5% of total mass shall be maintained within sufficient

accuracy to provide accurate cues to the crews being trained, including

visual and tracking cues while state for that vehicle is maintained.
The reset generation and reset programs shall provide the capability

to simulate the specific mass properties of each payload or target
vehicle utilized in any given mission, given the necessary vehicle
data for each vehicle simulated. Simulated mass properties shall be

capable of operation at full precision in other tham real-time.
At the termination of '"step-ahead' mode, shuttle mass properties shall

be updated to reflect recalculated consumable mass properties. Target
vehicle mass properties shall remain unchanged during step ahead.

6.2.11.2.2 Vehicle Configuration

The simulated space shuttle vehicle mass properties shall
be capable of simulating vehicle mass properties for each of the
following vehicle configurations:

o Orbiter + external tank + boost SRM's

o Orbiter + external tank | '
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o Orbiter - space mission configuration without payloads

-0 Orbiter - space mission éonfiguration with payload

o Orbiter - ferry mission configuration
When docked to a target véhicle, the mass properties of the docked
configuration shall be simulated. The mass properties of the orbiter
shall, at all times, include the mass properties of the current attachc:
contents of the payload bay} Instructors shall haﬁe the capabilicy
of altering vehicle mass properties by specifying and changing
simulated crew location.

6.2.11.2.3 Consumables

The simulated shuttle vehicle mass shall reflect changes in the mass
of the boost SRM propellant on board, changes in the consumable mass
in the MPS lines and the Helium Pressurization System, and changes in the mass of
the contents of the following consumable tanks:
@ AMS tanks
6 RCS tanks
ABPS tanks
Cryogenic tanks

APU tanks

Water system tanks

L
[vp]

® External tank LHZ tank

# External tank LP2 tank
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as required to meet previously stated accuracy requirements on total vehicle

mass.

Mass distribution parameters (center of mass, inertia tensor) for the

consumahle contents of each of the above shall be used as required to meet the

previously stated accuracy requivements in the calculation of vehicle mass

distribution parameters.
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6.2.11.3 Ephemeris

6.2.11.3.1 Celestial Bodies

The apparent direction of the-suﬁ relative to the vehicle
shall be maintained in an inertial coordinate system‘and shall include
the effect of aberration. The direction of all stars detectable
by the star tracker shall be available. Directions of these celestial
bodies shall be maintained within the following tolerances:

apparent sun +25 arc-seconds

stars ' +30 arc=-seconds

Occultation of the sun by the earth shall be determined.
Capability to calculate these parameters in real-time for a period of
30 days following launch of a mission shall be provided. A non-real
time program shall be capable of providing the real-time program with
the necessary data for any launch date between November, 1976 and

December, 1999.
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- launched at any'time during the Shuttle progfam shall be provided.

'~ extent defined in the Aerocdynamics Data Book.

6.2.11.3.2 Coordinate Systems and Coordinate Transformations

The transformations between the Ephemeral Inertial Coordi-

nate System and the Basic E@M Reference Inertial Coordinate System and
the Earth-Fixed Geographic Coordinate System shall be maintained within

sufficient accuracy to ensure that during simulation, when within scven

days of the reset point last used, no axis of any of the above simulated

-

systems will differ from the corresponding axis of the real-world syster
by more than 2 arc-seconds. Precision and nutation of the earth's
equator shall be simulated as required by the above accuracies. None of
the aforementioned transformations shall be updated in such a way as to
cause é perceptible jump in the earth visual sceﬁe. The True Greenwich
Hour Angle shall be maintained. At each time of state vector recalcula+
tion during simulation, when within seven days of fhe feset point last

used, the simulated Greenwich Hour Angle shall be within 2 arc-seconds

of the real world value. Changes in the above error between two itcra-

tions shall not cause perceptible jumps in the ground visual scene. FPrg¢

cession and nutation effects upon the hour angle shall be simulated as
required to meet the above accuracy. Capability to calculate these

. i

parameters in real-time for the duration of any wealistic mission

The selected coordinate systems for the simulation shall
match, to the extent applicable to the SMS, those used by the Shuttle |

prime contractor and defined in the Aerodynamics Data Book. Sign cou-

ventions defining coordinate and rate directions shall also match to the
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6.2.11 .3.3 Displays
The Greenwich Hour Angle shall be available for display. Occultation
of the sun by the earth shall be available for display.
- [ J g‘
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.12 Simulator Control Software (WBS #1.8.3 and 2.8.3)

12.1 Data Recording

The SMS shall have the capability of recording simulation data on
external recording devices., This capability shall be of the types as follows.

12.1.1 Plotters and Recorders

The capability of the plotters and recorders shall allow plotting
of two{2) parameters against one another for each recorder, and shall allow
recording of one(1) parameter against time per recorder channel. The plotting
and recording system shall collect and record real-time parameters at the
maximum parameter computation rate of the simulator. They shall be connected
to digital/analog signals for concurrent and post~tra1nihg analysis. The
system shall use predefined data to format real-time retrieved parameter
values for D/A chahne] output.

The predefined 1nformat1on for data definition shall be in
se]ectab]e groups to be used at the discretion of the user, and these groups

may be modified in real-time.

. The SMS shall have the capability of co11écting andncdnvertipg

“real-time simulation data for direct output to a hard copy device. The

»
H

data to be output shall be in predefined seTectab1e groups. The data group
to be used shall be selected at the users discretion. . . . . ..
The rate of collection and the number of parameters to be

collected shali be a function of the hard copy device speed.

.12.1.3 Loggin t

[}

- The SMS shall have the capability of collecting and outputting

fea1-time'éimu1ation data to an external magnetic recording device. The

o
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data shall not be converted in real-time, but all cenversions shall be
post-processed by a non-real-time program for hard copy. The 1§gging rate
shall allow a maximum equivalent to the fastest simulator computation rate.
The data to be logged shall consist of real-time data pool terms and all
real-time input/output quantities. A1l logging shall procede through a
common interface to insure the simplicity of new logging additions.

The types of logging to be active at any time shall be selectable.
Data pool Togging shall be controlled through predefined selectable groups

which may be modified in real-time.

6.2.12.2 . Real-Time Input/Output
' Software support for real-time Input/Output shall be part of the

Simulator Control Software package. This would include device access methods
for real-time and non-standard devices., A set of macro instructions shall
be provided to invoke various Input/Output options and sequehces. The
Input/Qutput software will interface with the data logging facility to
provide logging as an option. Provision should be made to allow device
independance through the use of dummy device reference and/or Qevice

. ._Substitution without application program modification._m__“mw_";,v;ﬁwr,',_.

.

6.2.12.3 _“Synchronous Simulation Program Processor = - oo
S ?'S{muTation‘Conffd1 software shall provide for ;hé'exétutioﬁ of
_l. .7 _synchronous programs based upon.the sequence and iteration requirements of

the simulation.

6.2.12.4 Master Timing

' The master timing program shall generate all required parameters

for simulation clocks, event timers, and special time words.
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This program shall initialize all mission dependent times
parameters to their proper values during resets and allow for uplink
initialization capability, 1if necessary.

All crew station and I0S time displays shall be updated at
a rate equal to the least displayable time unit for the appropriate
clock.

6.2.12.5 Master Control

The Master Control program shall provide the primary inter-
face with the operating sysiem software. This program sﬁall contain
moding logic such &s Reset, Freeze, Operate, Step-Ahead, wfite Reset,
Safe Store, and Slow Time. It will also provide for the execution
of asynchronous functions such as demand data reading, simulation
phase control, and special task activation, Thé Master Control
program shall also provide control over the exeéution of the
Synchronous Simulation Program Processor to ensure proper time framing.
6.2.12.6 Record Plavyback o | o _l *
| A package shall be prqﬁided which ﬁili récofd in real-time,

néﬁ”disc-étorage, selected inputs, outpufs, and iﬁtefnél simulation

~ parameters. Thisrdata shall be of such a nature that it may be input
to the simulation software and céuse the trainer to reproduce the
effects incurred during the recor“:ding process. The movement of
instruments, readouts, indicators, motion base, visual and any con-

trols at the I0S and crew station that can be driven by the computer
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will be reproduced. Movement of switches, continuous controls,
levers and any controls not driveable by the computer shall not be
reproduced.

‘Upon completion of the playback, flight critical controls
will be checked for acceptable positions to allow the simulator to
"flyout" with the status it has at that time. Discrepancies between
current controls and required "flyout" positions shall be noted on a
CRT display or instructor station readouté.

Under no circumstances shall this package allow the
simulator to ''flyout" intd a dangerous condition.

Record playback shall provide for a minimum of ten continuous!
minutes of recording time. Recording shall occur at all times unless
Recorded data shall not be carried over from

disabled by instructor.

one training session to the next. e
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6.2.12.7 CRT Pages

CRT page programs shall be genérated to support individuéi displays.

The CRT page programs shall have sufficient inherent programming
power to allow new requirements for the CRT system to be satisfied by them
rather than by the CRT interactive routines.

12.7.1 Malfunction Control

Malfunction insertion, deletion, and value display shall be
CRT page program functions. The page program shall allow the symbolic
maifunction name énd natural unit values to be input, causing the malfunctien
to be introduced into the simulation problem. The deletion of the malfunction
shall be acconplished with the simplest number of keyboard entries.

12.7.2 Setup Verification

CRT page programs shall exist which will allow the crew station
controls to be checked for désired'positions and deviations fFrom desired

position as indicated.
The page programs shall be generated in such a way that the

crew station configuration can be verified in the fastest possible manner,
. : ¥

4

(e.g. verification will be by pane], left to right, top to bottom).

T S S Sy

v....'i.

CRT page programs shall prov1de for the d1sp1ay of 1nterna1

- -computer parameters. A1l common forms of data conversion, i.e. floating,

integer, boolean, shall be provided.

CRT pages shail be able to access and d1sp1ay any data poo]

parameter currently core resident. g
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6.2.12.8 CRT Interactive Systenm

A software package shall be provided which will coordinate the
processing of CRT page programs and CRT keyboard inputs. In addition to
supporting CRT page programnming requirements, the CRT system software will
support the functions delineated below.

6.2.12.8.1 CRT Hard Copy

Provide for placing on a hard copy device a snapshot of the selected
current CRT display.
6.2.12.8.2 Look and Enter

Provide for operator access, display, and modification of any
data pool parameterlby symbolic name now present in the computer. This
action shall be independent of any CRT page program supplied interface.
6.2.12.8.3 Graphics
Provide for the support and generation, under page program control,

of graphic images on the CRT screen.

6.2.12.9 Operating System Interface

. Interface with the operating system shall be provided to invoke
ﬁ_opérating syétem faciTitieé and servicés. This ihterface may také the form
.. of a set of macro or Spec1a1 purpose 1nstruct1ons ava11ab1e to the app11cat10n

for request of operating system facilities. The def1n1t10n of standard

interface conventions shall be made.
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6.2.13 Suppert Software (175 #1.8.4 and 2.8.4)
65.2.13.1 Operating Systen |

The operating system shall provide for management of computer

system hardware and software resources in a multijob environment. Specifically,
the operating system shall éupport simultaneous part task simulation with
“concurrent batéh and terminal processing. This will include servicing of
external interrupts, real-time I/0, task switching on a priority basis,

device allocation, time and data routing, and timing services. Facilities
should exist for storage protection, terminal request processing, management

of main storage contents, and central processing time.

6.2.13.2 Software Processors

The SMS shall have software processors to translate programmer

generated card source into meaningful computer instructions. The software
processor that will be required at a minimum is a program to edit
CRT page program source into data and instructions useable by

CRT hardware on one hand, and the CRT interactive processor on

the other.

W

This editor shall accept a source language similar to an assembler

- language, provide for error notification and automate data poo]ﬂlinkages.

[y

The syntax, mnemonics, register useage, and so forth, shall be as compatible

with the GFE assembler as possible.
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6.2

6.2

.13.3 Data Base Generator

The Data Base Generator shall create the simulator data pool and
all associated Tistings. The Data Base Generator shall construct the 1inkages
required between the data pool and the simulation programs. A cross reference
of all symbols with associated program usage shall be created and maintained.
A statistical analysis to determine which simulator programs are affected
by a data base update, to compile a history of changes to the data pool,

and use, or non-use, of symbols in the data base shall be required.

13.4 Reset Generator

The reset generator:sha11 be a non-real-time program, or group
of inter-related programs, which will generate a group of data to be used in
initializing all data base requirements of all the SMS real-time s{mulation
systems for several defined points.

The reset generator shall process input data of predefined values
(mostly from mission planning documents) by checking for validity and
completeness and perform any conversions or computations required. The result
shall be outputs of suitable nature for initialization of simulater data
base parameters, - R ._f{ Ce e ;;

~The reset generator shall have the capab111ty of updat1ng ex1st1ng

reset po1nts taken by the 1nstructor 1n rea] t1me (e. g wrwte reset and

‘ safe store)

6.2.

13.5 On-Board Computer Support Software

The on-board computer support seftware sha]] generate all required

_ 11st1ngs and Toadable flight program object code. The on-board computer

support software shall generate all data sets required for simulated switching

~ from one computer to another. Also, all patches required to the flight

program shall be generated by the support software.
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6.2.13.6 Utility Programs

Utility programs shall be provided for areas of software support
outside those defined as simulation contrel, operating system, software
processors, or applications software. These would include programs for
hardware diagnostics, configuration control, debug support, and subroutine
Tibraries.

6.2.13.6.1 Diagnostics

Diagnostic programs shall be provided which test all
contractor supplied computer peripheral equipment, e.g., the DCE.
These programs shall be capable of operating in a non-real-time stand-
alone environment.. Capability shall exist to exercise simulator
equipment in as near real~time modes of operation as possible. Qutput
shall be in the form of failure reports and diagnostic messages
pointing to specific functicnal and/or componenﬁ‘failure.

DCE closed loop ("wraparound“) diagnostic capability shall
be provided and shall be as automated as is practical. Man observed
checkout capability for controls and displays, with outputs provided
by special-driver progrqms,'shal; be provided.

Diagnostic capability shzll be pro#iﬂed dﬁring real-time
modes of simulator usage. For failing devicés, these diagn&stic
programs will provide, at a minimum, sufficient information to enable
support personnel to identifj the failing device, and provide

1

sufficient information to support a go-no-go decision concerning
continued training. Real-time diagnostic programs shall be provided
which provide a simulator '"morning readiness check'" as described

in Section 6-2.&-1020140 : : . ; HE ; i H . ! H 4 ‘ i
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6.2.13.6.2 Support Utilities (Plotting, Trace, Snapshots)

Programs supporting debug facilities such as XT plotting,
program trace, and memory snapshots shall be provided. These facilities

should be capable of supporting both real-time and off-1ine test environments.

6.2.13.6.3 Subroutine Library

Subroutine library routines shall be provided for suppert of
standard system macros and should include support of standard trigonometric

functions in Fortran or other high level languages.

6.2.13.7 Delog

The Delog program shall receive real-time log data as input and
shall perform all formatting and conversions necessary for an easy to read

and understandable hard copy.

‘6.2.13. 8 Automated Documentation

The SMS support software shall include packages that will allow
for an automated documentation process. These packages will include
automated flowchart generators for the computers assembler language, Fortran,
as well as any other programming language used in support of the simulation

complex.

Further documentatxon aids shall include programs to 11st e]ements o

of the data pool, software source, symbol useage cross refarences, reports

"~ “concerning software changes, and DCE-data pool relationships.

6.2.13. 9. Data Management Systen

The Contractor shali provide a data managerment systen (I5)

which will interfacs with the operating system of the GFE Computer Complex.

The 003 snail require minimum amount of manual intervention. In addition, the

DMS shall utilize remcte termin:] copebiiily as well as the peripheral

equipment of the GFE Computer Complex in the performance of its services.
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6.2.13.9.1.  Configuration Control : |

The contractor shall provide data management programs which will
maintain and status upon request the detailed configuration of the simulator
hardware and software., Some of the activities that should be monitored by

these programs are: print numbers, revision level, crew station modification and
discrepancy report effectivity, modification pending incorporation,

modifications incorporated, modifications awaiting parts, discrepancie
outstanding, discrepancies cleared, and discrepancies awaiting parts.
The DMS programs shall provide this configuration control for the
following simulator components:

o Sirulation Hardware
I10S
SﬂppTeMentary Hardware
Crew Station(s)
Spacecraft Configuration
Variations from Spacecraft
Data Conversion Egquipment
stua] System
Motion System
Ancillary Equipment S
' “Eo Simutation Softﬁare R i : '
_Application Software R U S T S
Control Software
Support Software
Source Modules
" Object Modules
~ Load Modules L
Program Timing and Core Loading

o Quality Control

"
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6.2.13.9.2 Simulator Complex Utilization

computer complex time utilized for various activities.

The DMS programs shall also provide a summary of the

should be divided at a wminimum as follows:

NASA

Other Contractors
Preventive Maintenance
Data=Processing

Lost Time

Training Time

The DMS programs shall be designedrto interface and

This report

operate in a time sharing mode. 'Report pages shall be available for

interrogation by the inter-active terminals in Building 4, 5 and the

off-gite faecility.

o
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6.2.14 Systems Intecration (Vns #1.9 & 2.9)

The contractor's plans to integrate and checkout the SMS-soft-
ware prior to integration with the equipment shall be defined for pur-
poses of evaluation. The test documentation, drivers and results so
generated by the contractor shall be deliverable at acceptance. Configut

ration control of the documentation and software shall be —olntoiood

during the duration cf the proegraa.

&
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6.2.15 Demonstration, Installation & Test (WBRS #1.10 & 2.10)
6.2.15.1 Factory Test and Demonstration
5.2.15.1.1 Lovout Hodel

A layout model of the tetal S5 floor plan shall be pro-
vided. Scale shall be 3/8"/ft. minimum. This model shall be provided

in conjunction with the model of the IOS at the time of the simulator

mockup review.
6.2.15.1.2 Factory Test

Prior to the installation of contractor built equipment
at the NASA MSC facility, the various hardware systems shall be thorough
ly tested gnd demonstrated at the factory.

Hardware for the following systems shall be tested and
devonstrated to the extent specified herein:

1) Crew Station Hardware

~2) Control and Display Hardware

| 3) 7Vi§ua1“Hardware _ o L .
- . L PR . e AT Tt =
S RO 4y Visual Gra phics e e ;, e e
- MW._555 Instructor Operator Station . § :

. ';"““'“‘¥6) Motion Hardware <Lw;ufhuh;wfﬂ,h fu“%_%mmLﬁﬁV
7) Externzl Interface Equipment |
’8) ”Aufal'System Hardware
79) Simﬁlator Power Hﬁrdware
10) Simulator Tlming Hardware

11) Hydraullc System Hardware
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' 12) Ancillary Equipment

13) On-Board Computer Hardware
14) Data Conversion Equipment

Documentation describing the factory test set up, test
mothods, cud test results “or 21l hardware equipment shall be generated |

as specified in Exhibit (2).

Docuroatation to be pfepared shall iﬁclude comprehensive
descriptions of the following as applicable:

1) Test methods and test equipment

2) Diagram of test set~-up

3) Required results

4) Record of test results achieved.

6.2.15.1.2.1 Crew Station Hardware
Crew station hardware shall be tested to determine

- agreement with manufacturing drawings.

6'2'15'1‘2;2, :” Control and Display Hardware | ;_;m_;_:l

I | !

T ~ Prior to installation in the crew station, the panels,

T T S

controls, and displays to be utilized in the crew stations of the simu-

“lator shall be tested to the point of determinir; czzreement with r. i~

nical drevinos, &nd wivivg,and cabling diagrams.
: & & 5
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After installation in the crew stations, the panels,
controls and displays shall be further tested to insure compatibility

with interfacing cables and hardware.

6.2.15.1.2.3 Visual Hardware

The visual system shall be tested to détermine agreement
with drawvings and wiring and cabling diagrams.

A signal substitution panel shall be provided to provide
drive functxons for the v1sual system,

This panel shall enable complete testing of the visual
system in the absence of the computer control functions. Static,
dynamic, and optical MIF tests shall be provided.to verify visual
system capabilities and specification compliance.
16.2.15.1.2.4 Visual Graphics |

Visual graphic equipment (films, models, etc.) shall be
tested to determine agreement with specification requirements. Films
shall be tested for MIF. Film calibration and splicingrequipment shall
" be provided as required.

| Callbrated video test patterns provided for test of the

video equipment shall also be tested using appropriate test equipment. |

6.2.15.1.2.5 = Instructor/Operator Station | _ |

‘Prior to installation in the 10S, panels, controls and

displays to be utilized in the Instructor/Operator station shall be
o i
tested to the point of determining agreement with wiring and cabling !

diagrams. Afﬁer instailation in the 10S the panels, conttols, and
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displays shall be further tested to insure compatibility with inter-
facing cables and hardware.

6.2.15.1.2.6 Motion Hardware

Prior to turn-on, the motion system shall be tested to
insure sgreement with mechanical drawings and wiring and cabling dia-
grams. Subsequent tests shall verify operation of the motion system

under nermal weight load conditions. These tests shall demonstrate the

static and dynamic capabilities of the system in terms of accelerations,

velocities, and excursions of the system. N .

6.2.15.1.2.6.1 Motion System Dummy Load
A load possessing the weight, moment of inertia and
c.g. location of the actual payload shall be constructed and installed

on the motion system platform to effect these tests.

6.2.15.1.2.7 External Interface Equipment
All SMS external Interface egquipment shall be tested to

insure agreement with wiring and cabling diagrams. Functional tests

o - -
- shall also be provided to verify operation of interface hardware prior
t . L
to tie-in with the GFE computer and with the M.C.C.

i

The aural cue system shall be tested ﬁo insure agreement1
‘with wiring and cabling drawings. | : e ;
The sound amplitude and frequency response characteristigs
of thé system also shall be demonstrated, using a test fixture if

required as a substitute for computer control functions.
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£.2.15.1.2.9 Simulator Power Hardware

Prior to power turn-on, the simulator power distribution !
and conversion hardware shall be tested to insure agreement with wiring;
and cabling diagrams. Subsequent tests shall verify operation of aill
power hardware under normal load conditions. Power-on and power=~off
sequencing shall be demonstrated.

6.2.15.1.2.10 Simulator Ti—ins Hardware

The simulator central timing equipment shall be tested
prior to shipment for cperation in all modes by simulationof external
sync and control inputs with the device driving all output loads to
which it will be subject in the field. This shall include operaticn of%
any line driver outputs or line receiver inputs associated with the
tining equipment which shall have equivalent terminated transmission

line lengths in the test set-up.

6.2.15.1.2.11 = Hydraulic System Hardware

The hydraulic system shall be tested to insure agrecuont
with all design and gpecification éontrol drawings. Additional tests

¥ '
to verify performance requirements shall be in conjunction with the

motion system hardware,

6.2.15.1.2,12  Ancillary FEquiprent

Interface cabinets and other lnterface equipment shsll be
tested to insure agreement with associsted wiring and cabiing drawings.g
Subsequent tests shall insure agreement with interfaced equipment

including all c¢rew station control and display, the I0S, motion base,

visual, ete.
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6.2.15.1.2.13 On-Board Computer Hardware

On-board computer, computer interface, and display and
control hardware for the Data Processing and Software Subsystem on-
board computers, and for the Main Engine ComputErs,.which is incorporateg
into the SMS, shall be tested and demonstrated prior to integration
with the main simulation computer.

Data Conversion Ecuipment

6‘2.15.152.14

The data conversion equipment shall be tested
to determine agreement with drawings and wiring and cabling diagrams.
Functional tests shall also be provided to verify operation of the
DCE prior to tie in with the interface hardware and with the main

simulation computer.

R - S L e e
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6.2.15.2 On=Site Installation and Test
6.2.15.2.1 General

6.2.15.2.2 On=-Site Harduore Installation, Inteeration and Test

| factory test phase. R a

6.2.15.2.3 System Test

On-site installation and test of all simulator hardware
and intesration with .the GFE -computer and DCE hardware and with compu-
ter software, shall be provided at NASA MSC. Hardware maintenance |

support shall be provided during the software test phase.

The factory tested and demonstrated equipment shall be
shipped to NASA MSC. Hardware installation and integration shall be
accomplished in a timely manner. Any equipment which was not tested
at the factory shall be thoroughly tested at MSC prior to integration |
with other equipment. |

Puring and subsequent to on-site ﬁérdware installation and
integration, tests shall be executed to re-verify hardware system opera-
tion. These tests shall be a selected sub-set of those required in
paragraph 6.2.15.1 above, plus any additional tests required to verify

external interface requirements which were not proven during the

L

~ System tests shall be executed subsequent to hardware in- i

stallation and test and prior to execution of the ATP. 4 system tcot

- i
shall be the evaluation of performance parameters of a software-hovi.oure

hd

system in an environment Iin which all programs are loaded in the simu-

lation computer In near Final Form. The hardware shall be eperationcl,
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and the similator complex shall be capsble of cperation in an mission
environment with a full reset capability. For each system, a system

test document shall be generated which whon executed, shall provide

assurance that each system is fully operational.

6.2.15.3 Acceptance Test

The SMS contractor shall prepare detailed Acceptance Tests

in accordance with Exhibit (2),DRL Line Item 12.

The simulator shall be submitted to NASA for acceptance testing

along with a Start of Achptance Test Review Plan (SATR) in accordance

with Exhibit (2), DRL line item 38.

Acceptance tests shall be performed on the simulator to
demonstrate compliance of the integrated end item systems with the
simulator specification requirements. All acceptance tests shall be
executed using the same computer load. Acceptance Testing shall be
divided into phases as follows:

.. 1) simlator Operations and Procedures . ... .

2) SMS System Tests ‘

‘35 Mission Oriented Tests.

4) Visual Graphics Tests

5) Visual System Tests
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6.2.15.3.1 Similater Cporation end Procedure Tests

This phase of ﬁhe acceptance tests shall be devoted to thé
initilization and operation of the SMS. Included shall be demonstratie*
end operation of the simulator data acrmisition system (CRT displavs,
recorders and the simulator control functions such as master control,

master timing, malfunction insertion arnd display.)

6'2°15°3°2 Systen Acceptance Terts

This puasse of the occeptance test 1s intended to verify the
SMS systems. SMS systems such as EPS, RCS, GH&C, Main Engines,
Comnmanications, Performance Monitor, Caution and Warning, shall be
tested in detail to verify proper cperation.

The tests shall be designed such that each system is
tested in the same manner of operation as would take place in real
missions.

Interfacé.programs such as teleﬁetrﬁ, DCS, and the MCC
trajectofy interface program, shall also be tested to assure that data
is being handled according to tﬁe apéropriate Interface Control Docu-

6-2-15-3-3 Migsion Oriented Tests

For this phase the testing philosophy shall be to demon-
strate that the SMS dynamically simulates the various aspects of the
simuiated mission environment. In addition to demonstrating a number
of normal features to be encountered by the flight crew, a number of

pre-selected malfunctions shall be entered and their effects observed.
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6.2.15. 3.4 Vigual Grankics Tests

Tests shall be provided to insure agreement of visual
system graphics (films, video test patterns, etc.) with their appro-
pfiate specification reguirvemsnte. These tests shall Include MIF tests
and other tests as required to verify accuracy of the graphic elements,

6.2.15.3.5 Vicsual System Tests

A comprehensive series of tests including system status

and dynamic tests of the visual system shall be provided. These tests

|

shall include the factory tests identified in paragraphs 6.2.15.2 plus

additional integrated tests which include the main simulation computer, |

and D.C.E. equipment as required.

Test programs shall be provided to
permit driving the visual system at known rates for verification of
the accuracy and dynamic response of the visual system under computer

control.
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6.2.16 Documentation (WBS #1.11 and 2.11)

The requirements associated with these work packages are

defined in Section 7.0 in conjunction with Exhibit 2 and Exhibit 3.
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6.2.17 Program Management (WBS #1.12 and_g;IZ)

The requirements associated with these work packages are

defined in Sections 4.0 and 5.0.

4y
ke
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6.2.18 Miscellaneous Hardware & Software (WBS#1.13 and 2.13)

There are no specific requirements for thesge work packagcs.
They are intended for use by the Contractor to cover efforts which do

not fall into any of the other work packages.
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6.2.19 Morion Svatem (WBS #1.14)

A six-degree-of-freedom motion system shall be provided for the
MBCS. The motion system shall provide motion cues
which vould be povecived by the cerew menber in the actual Shuttle
vehicle under the same conditions.

6.2.19.1 Gerneral Reauirements

The physical motion system movement sﬁall be detevrmined by
computations based upon six degrees of aircraft freedom. lotion system
movement shall be correctly cofrelated with the motion of the simulated
aircraft., All aircraft stebility derivatives shall be accounted for in
such a manner that aircraft movement in any degree of freedom shall
correctly influence movement along or about the axis of the motion
system. The sensations of motion shall be representative of the sen-
sations experienced in the operational aircraft.

6.2.19.2 Dpegrees of Freedom | | |
' The physical movement of the simulated aircraft shall be along

and about the X-axis (longitudinal and roll), along and about the Y-axisg

(lateral and pitch), and along and about the-z-axis (vertical and yaw).

totion ghall be possible in any one degree of freedom independently orx

any combination thereof.
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F.398-8-A

6.2.19.3.1

system be

porated.

and shall

system as

Hydraulic & Electromechanical Design

The motion system shall be controlled electrically and

powered hydraulically. The hydraulic pumps shall be of the pressurc-

compensated variable volume type. Should a hydraulic control loading

utilized, means shall be provided such that cockpit training

with control loading only can be provided when the motion system is down
for maintenance, as when a motion system pump or any actuator is re-

moved from the hydraulic lime. The following features shall be incor-

a. Pressure relief valves shall be installed in the system

open if the maximum design working pressure is exceeded.

Replacement or recleanable filters shall be provided throughout the

necessary to ensure reliable operation. Fine filters (5

micron nominél) shall be piaced upstream 6f servo control wvalves.
Additional filters on the pump case drain line and elsewhere shall be
provided as neceséafy to ehsﬁré reliable operation. All filte;s shall
be equipped with differential pressuré'SW1tchés'£d“§rgvide'a'femote
findicatioﬁ (At the maintenance control panel)rthaﬁ_the filter needs
servicing. If the filter is equipped with a Bypasé;""fﬁé differential
pressure switch will actuate before the bypass opens (iie;, at a lower

differential pressure). All filtgré‘Shail be accessible for ease in

‘ay

servicing. e T T e B
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b. Permanent hydraulic line connectors shall be used wiovouny

possible. Leakproof separable conncctors shall be used as necessary to
assiet in installation and maintenance.

¢. The design shall incorporate adequate provisions for
maintenence operations, including draining, cleaning, bleeding and
filling the hydraulic system. Shut-off valves and drain ports shall be
provided as necessary for maintenance operations. The design shall in-
clude provisions for removal and.replacement of any hydraulic sctuator,
including maintenonce jack suppart ool ease of access.

d. Inert gas accurmlaters shall be provided as necessary
to agsist flow roguirements during worst-case mancuvers. Accumulator
pressure drop during worst-case mancuvers shall not exceed 70% of tiie
supply pressure.

e. Water-cooled heat exchangefs shail be designed to
operate with a maximum inlet temperature of 85°F for the coollng water.
Alr-cooled heat exchangers shall be designed to Operate with a maximum

- LY

inlet air temperature of 110° F.

£. All feedback elements shall be shlelded from accldental
damage.

#. An automatically operated access stalrway (or ramp)

shall be provided if necessary to ease persoaunel eatry and exit iatc




DATE 12/22/72 THE -SINGER COMPANY PAGE NO. 6-267

SIMULATION PRODUCTS DIVISION )
REV. A 3 € o . NO.
g 6?55?43 BINGHAMTON, NEW YORK REP. NO,

F.398.8-A

the simulator crew station. The access stairway shall be operable when
the motion system is down for maintenance. Mechanization shall be

determined at the layout model conference.

h. Hydraulic fiuid (per MIL-H-5606B)shall have a.minimum
flashpoint temperature of 200°F, An oil temperature sensing gauge shall
be provided with either an audio and visual overtemperature warning de-
vice., Excegsive oil temperature shall automatically activate shutdown
of the hydreulic system; A reservoir of adequate capacity for continu-
ous maximum demand with a sight gauge shall be provided. Automatic
shutdown of the motion system shall occur if the fluid level is too low
for normal ogeration, or if system pressure droés below a predetermined
value. | |

i. Cavitation shall not occur in the pump, control valves,
or other cowmponents of the hydraulic system. The pressure pulses caused
by the pump shall not excite resonance, nor shall the motion system
excite resonance in the simulator or any portion thereof. Transient
pressure pulses, suéh as ma} Be caused by ;apid-closing of a vélve,

‘shéii”t’iat causeﬁdargageto the pyafah'i”ié_'"s'_y"gce;n..’?""g:‘t_{é:;;éﬂﬁg of valves

shall mnot occur. Rt

6.2.19.3.2 Motion and Control Loading System Controls
a. The control loading pump (if utilized) alone shall be

used during normal maintenance operations or during training without

motion. Controls at the instructor's station shall be provided to

engage or disengage both the motion system and control loading system.
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It.shall be possible to deactivate the motion system pump(s), and
activate the control loading pump, from the instructor's station. It
shall not be possible to engage the mot ion system unless all interlocks
are in a safe position; the mQtLoﬁ system shall then be engaged when
the control is activated by the instructor. The reverse sequence
(control switch is activated, interlocks moved to safe position, moticn
systemn respondé) shall not occur. Engaging or disengaging the gystem
shall not result in rapid crew station movement. The motion system
shall respond to engagement or disengagement in less than three seconds,

b. A key-operated switch shall be provided to facilitat~ i:

lating the pump motor circuits for msintenance. 'Laevpency Stop' switche

shall be provided to shut down the hydraulic system. ‘'Emergency Stop"

switches shall be provided at the instructor's console, maintenance

control panel, and in the crew station within reach of the pilot. The
| I

crew station switch shall not interfere with the simulator tfaining
function. When any "Emergency Stop" switch has been activated, the

motion system shall remain inoperable until the instructor initiates

the normal control switch starting sequence.

- - a— -

6.2.19;3.3 Maintenance Controls

*

A maintenance control panel shall be provided and
located within view of the motion system. The panel shall provide

controls to drive each actuator to any position desired by the

.

operator without computer control If necessary, other actustors

may move to allow a chosen actuator to be driven to a

selected position. On-off and engage-disengage controls

-

™

o

|
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oF 22
similar to those at the instructor’s station, shall be provided. An
"Emergency Stop" switch shall be located on the panel to shut down the
system, A "mode" switch shall be provided for "maintenance'" or "normal'
operation. The "normal" position shall deactivate maintenance panel
controls, except for the "Emergency Stop" control. The "maintenance’
position shall deactivate instructor motion controls, returning full
control to the maintenance operator. Visual status indicators of
pressure:fluid contamination, temperature, control positions and other
pertinent information shall be provided.

6.2.19.3.4 Fleoor Loading

The SMS contractor shall design the motion syétem support structuye
for the correct reaction mass composition, tie-down means and structure
interface. The support structure shall be designed for installation in
soil of 1500 pounds per square foot bearing capacity. Leveling of the

motion system pads shall be solely the responsibility of the 5MS contracto

A

6.2.19.4  Performance Requirements |
6.2.19.4.1  gimulated Motions SO S D

The motion s}stem movement shall.be‘determined by computa-
:tions based upon six degrees of vehicle freedom. :Tﬁe simulated motiong
shall optimize the tvacking of the total acceleration vector of the
gimulated crew station, including chapges in magnitude and
direction. The frequency of simuiation of new accglerafion cues shall

-~ :

- be maximized:- During position washout, new acceleration cues shall be

nracéepted in ény direction, constrained only By thé.ﬁﬁéition and velocity
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limits of the system, and the threshold of perception of the crew member
The motion system shall provide cues in multiple degrees of freedom.
simultaneously, as demanded by the flight equations of rotion. The
acceleration cues of the simulator crew station shall not exceed the
acceleration of the actual vehicle under the same conditions. Spuricus
motion cues shall at no time be noticeable to crew member.

&. As a ninimom, the following motions shall be simulated:
launch, launch abort, re-entry, buffets, stalls, dives, climbs, banks,
rolls, vibration dynamics, touchdown attitude and impact, movements
corresponding to brake épplication, landing gear strut dynamics, ground
dynamics including runway rumble, movements corresponding to laoding
gear and external cootrol surfaces extension or retraction, and move-
ments corresponding to center of gravity or center of pressure move-
ment . The envelope of movement shall be os large as possible so that
full motion displacement is utilized.

b. Steady-state simulated vehicle pitch attitude shall

. result in a constant corresponding pitch attitude oflthe simulator.
Entry into a coordinated turn shall result in roll and lateral motion

to provide the onset cue; if the coordinated turn is held, thercrew
station shall 1mpercept1b1y return to a normal level position.

6 2.19.4.2 Pavloed Ueiche

The performance requirements for the motion system shall be

met with the complete simulated forward crew station (including the

pilot, commander and instructor), the forward visual system, and the
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structure and mechanism associated with the tilt feature which
simulates the launch attitude of the vehicle. The performance require-
ments shall be met with the payload in both level and full tilt
attitudes.

6.2.19.4.3 | Worst=-Case Maneuvers

The motion system shall perform smoothly and without
hunting at all times. The motion system shall be sized to perform the
worst-case flight maneuvers the simulated vehicle will encounter.
6.2.19.4.4 Rough Air

The effects of rough air and wind buffet shall be
appropriately reflected in the motion system.
6.2.19.4.5 Response

Motion system response to a step input shall occur in less
than 0.05 seconds. Motion system response to a crew station control
input shall occur in less than 0.15 seconds.

6.2.19.4.6 Excursions, Velocites and Accelerations - .

The motion system shall be capable of attaining the

following minimum excursions with the payload horizontal and tilted

~at 902 and the following velocitiesand accelerations with the payload

in both the horizontal and 90° tilt position:




F-398.8.A

PRTE 12/22/72 5|MULI¢EOS”;%§UE(T)§PST:1SION | PAGE NO. 6-272
A 3/23/73 |C 12/21/73 s
REV. B 6/22/73 BINGHAMTON, NEW YORK REP. NO.
Payload Payload
Horizontal at 90° Pitch ,
Excursions Excursionsg Vel. Accel .
' o 2
(1) Pitch +30° +15° 15°/sec +50°/sec
~20° 359
(2) Roll o a® +12° 15%/sec  +50%/sec?
(3) Yaw +32° +15° 15%/sec +50°/ sec”
(4) Heave +39" +15" 24" /sec +0.8g
-30" (from normal 1g)
(5) Lateral +48" +25" 24" /sec +0.6g
(6) Longitudinal +49" +20" 24" /sec +0.5g
-48" ~4Q"

These excursions must be attainable within the normally
operable motion envelope which excludes the soft stop and cushioned
stroke of the actuaters, There are not simultaencous requirements. The
system must satisfy only one set of requirements at a time. The peak
accelerations must be met from the normal operating position of the
motion system. The system shall be capable of producing a continuous
sinusoidal heave motion of 7%" peak to peak excursion:cat 1 Hertz.

f. 6;2.19.4,7 Acceleration Onset

 The motion system shall meet the following criteria, as a

minimum governing onset cue capability.

Onset Accelerstion o Maximum
Movement Rate 7 Acceleration
Vertical e feen L . 40.8g
Lateral +3g/sec | +0.6g
- Pitch o 300 d@greeéfgeczlsec - +£0 &e;feés/secz
Roll . | 300 degrees/secnfﬁqc +60 degrees/sec2
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The above requirements shall be met from the normal
operating position of the motion system.

£6.2.19.4.8 Froquency Boononeo

The élosed-looP performance of the motion system shall

comply with the following:

Freguercy Ranze P;iz;ﬁzﬁift Motion Platform Position
(Hertz) {Irrsrgned (Movieriim Decibels)

0.1 - 0.5 - 200 + 1 db

0.51 - 1.0 60° + 2 db

1.1 - 2,0 | - 110° +3db

The above criteria apply to each degree of frecdom.
Resonance shall not occur from zero to five Hertz. Design provisicns
shall be incorporated to minimize activation of resonant frequencies

above five Hertz.

16.2719.5 Safety Requirements

. 8.. Mechanical, electrical and hydraulic protective devices

~ shall be provided to protect the crew member, operating personnel,

obgservers, and maintenance personnel from injury. The motion system

structural design shall be based on a minimum safety factor of 4:1.




DATE -  THE SINGER COMPANY , PAGE NO

" F.398.8-A

12/22/72 SIMULATION PRODUCTS DIVISION 6-274
REV. A 9/4:%/;;3 BINGHAMTON, NEW YORK oAl REP, NO.
A o e |

Hydraulic actuators shall be equipped with redundant electrieal limit
switches to asutomatically shut down the motlon system if overtravel
occurs. A passive mechanical~hydraulic system shall automatically shut
down the motion system when an electrical power falilure occurs. When
the motion system is shut down, the cockpit shall retd?n to a level
cockplit egress position at a safe rate of return. Mechanical and
hydraulic energy-absorbing devices shall be provided to absorb the
greatest kinetic energy the system can develop, in a maaner aot to com-
promige crew member safety, if runaway occurs.

b. When the system is shut down, all hydraulic fluid pressurg
shall settle to zero within three minutes. All hydraulic system com-
ponents shall be pressure-rated at least 1007% higher than the maximun
working pressure of the system.

c. A waruning sign shall be provided in a suitasly prominent
position and shall automatically illuminatg when the motion and/or

control loading systems are engaged.

I

Y

-~ d. Faill safe electrical interlocks shall be provided to
‘?préveht'activation'df'tﬁé motion system in an unsafe condition. As a.
‘mihimum, interlocks shall be provided on the éntfance gate, access
stairway, and within pressure pads underneath the motion system and on
‘the entrance-stepss.
e. The access stairway or:ramp shall be physically removed

from the operating envelope of the motion svstem when the motion

system is engaged. 'In the event of a main power failure, means shall
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be provided to automatically move the access stairway to the crew
station position in less than thirty seconds.

f. At no time éhall the motion system unexpectedly move
rapidly. Engaging or &isengaging the motion system shall not result in
abrupt motion system movement. ‘'Freezing" or release'from a simulator
"freeze'" condition shall be smooth, even if control movements héve been
made during the “frecze' state,

g. In the event of an emzrgency, it shall be possible to

rapidly evacuate the crew stations.

6.2.19.6 Synchronization

Cues provided by the motlon system shall be properly
synchronized with cues provided by the crew station displays. There
shall be no noticeable time, position, velocity, or acceleration error
between motion system cues and other cues,

6.2.19.7 Maiptenance Festures

o " In sddition to the requirements of6.2.19.3.3 the motion system

¥

- ghall include the following:

.-'ﬁ .

Wh;¥a,‘rsystem transducers to permit reading voltage outputs
“directly without the need for demodulators.
~b. adjustable jacks,with built in réceptables on the motion

platform,to pefmit removal of actuator assemblies without removing the

LI

payload.
¢, fluid level indicators.

d. provisions for bleeding and 1ubriéa£ihg the system,
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e. provisions for checking each servo operationally without
removing it from the system.

6.2.19.8 Software Drive Requirements

The motion system software shall employ axls systems compati-
ble with the axis systems defined in the simulated vehicle. Accele-
rations, both translational and rotational shall be computed by soft-
ware within these axis systems. Software considerations such as the
stability deviations effect, center of gravity changes, or center of
pressure movement shall be displayed at the motion platform through
software acccleration changes. The acceleration of the sinmulator
crew station in any degree of freedom shall not exceed the ve-
hicle acceleration experienced under the same flight and configuration
conditions. Environmental conditions such as rdﬁgh air, wind and
gusts shall be considered by software and reflected in the acceleration

outputs employed by the motion system software.

As part of the basic motidn.system a caﬁabiliﬁy shall be
provided to position the forward crew statioq in a vertical attitude
to simulate sustained longitudi;él accelerations. Thé crew statioh in th{s
position shall provide motion cues to the crew which simulate the
actual cues experienced during long term longiéﬁdinal accelerations.

e payload éhall be positioned in the vertical attitude at a

rate which will prevent injury‘to the crew members. Deceleration de-

vices sheil be employed at the extremes of position to preclude damage
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to the equipment. Locking devices shall be provided to achleve the

stability required in each mode to permit full motion system Opération.

Provisions shall be made to permit safe evacuation from the

crew compartment when it is positioned in the launch attitude.

The total excursion in tilt shall be a minimum of +105°

from level which may be achieved by the tilt mechanism plus the pitch

capability of the motion system.

The tilt mechanism alone shall be capable of moving the

o . P s
payload at an average rate of 40 /sec. for either positive or negative

tile.

&
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6.3 Test Requirements

The SMS Contractor shall generate a General Acceptance Test Plan
in accordance with Exhibit (2), DRL Line.Item 11. The test requirements
specified in paragraph 6.2.15 are considered to be the minimum acceptabls
and the plan shall demonstrate the courses of action to be taken to
effect the required testing as well as any other deemed necessary by

the Contractor.
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6.4 Logistics Requircments

8) Sparesg Provisioning

o, .. ... The contractor shall provide Spare Parts Provisioning

L3

sufficient to support the SMS for a period of one year after acceptance

of each crew station.

The contractor shall publish an agenda for the Spare
Parts Provisioning Guidance Meeting (ReferenceExhibit (2), DRL line
item 15), conduct the wmeeting, publish minutes of the meceting (Referenc
DRL line item 16), prepore a Spore Parts Provisioning List (Reference
DRL itcm 21), and submit period reports on the Provisioning Program
Status {cference DRL item 17).

b) Maintensnge

The simulator shall be designed so that it can be
maintained within the lowest possible level of maintenance available.
The contractor shall develop detailed maintenance procedures and
document them in a maintenance manual (See Exhibit (2) for further
instructions, Reference DRL line item 18). | |

~ ¢) Operations

The contractor shall prépare an Opérations Ménual to
Iprbvide detailed instructions for operating all equipment which is not
part of the flight compartment. (See Exhibit (2) for further 1instruc-
tions, Reference DRL 1ine item 19).

d) Software Torictics

The contractor shall provide the necessary documentation

in the form of a Programmer's Reference Manual (Reference Exhibit (2),

L)
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DRI, item 31) to enable the NASA to maintain and modify the SMS

software subsequent to acceptance.

e) _Fallure Evaluation and Analysis
The ;ontr&ctar shall perform an evaluation and analysis
effort on all failures occurring on the SMS in order to determine high
failure rate items and recommend proper corrective action. This effort

¢l1511 centinue for a period of six months after acceptance of each

f) Vendor Rata

The contractor shall provide Selected Vendor Data
related to components within the SMS (for further instructiocns sce

Exhibit 2, DRL Item 14).
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device meets the requirements of this specification.

6.5 Reliability and Quality Assurance Requirements

6.5.1 General
An organized quality assurance program shall be established by
the SHS contracteor in accordance with NPC200-3.

6.5.2 Responsiblity for Inspection

Unless otherwise specified in the contract or purchase order,
the SMS contractor is responsible for the performance of all inspection
requirements as specified herein. Except as otherwise specified in
the contract or order, the SMS contractor may use his own or any other
facilities suitable for fhe performance of the inspection requirements
specified herein, unless disapproved by the Govérnment. The Goveraucat
vererves the right to perform any of the inspections set forth in the
specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

6.5.3 Facilities
~ The SMS contractor shall furnish any facilitigs, equipmént or

personnel that the Government may require to ensure that the training

6.5.4 Classification of Inspections

Inspections to be performed are classified_as'follows:

a) In-process inspection ’

b} Quality conformance inspection
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6.5.4.1 In;Process Inspection

In-process inspection shall include such visual, electrical and
mochanical examinations and testing of materials, subassemblies, parts
and accessories (includinz purchased items) during the manufecturineg
process of the traiﬁing device as may be required to assure conformance
to all requirerments of this specification.

6.5.4.2 Guality Conformance Inspection

Quaslity conformance inspection shall include visual,
electrical, mechanical, and'functional examinations and tests of the

end item to assure conformance to all requirements of this specificatiol
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6.6 Support Reguirements

A team of engineering personnel shall be provided at the simula-
tor site for a period of six months after acceptancé of each crew
station. The team shall be comprised of persconnel selected on the
basis of their experieﬁce in the various technical areas assoclated with
the simulator. The team shall provide:

a. Trainin~ of operations personnel. This shall consist of
on-the~jobh trainivy fov technically qualified personnel who are not
familiar wvith this simulator.

b. Traininy of raintenance personnel, On-the-job training
shall be provided for technically qualified personnel who are not
familiar with this simulator.

c. Coordination of data requirements and hardware change
control batween the contractor's facility and on-site operation.

d. Spares coordination between the contractor's facility
and the on-site operation. | |

The team shall form a'part of the insta{lation. qheckout and
testing crew. .

The team shall be completely familiar with the Maintenance
and‘Operation Manuals for the SMS prior to the on-site training period|.

Each member of thecteam shall be able to support training of NASA

maintenance and operation personnel in the use of the manuals.
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7.0 Documentation Reguiremants

The contractor's plans for the generation of the documentat ion
tabulated in Exbhibit 2; shall be defined for purposes of evaluation.
The interprotetion of requirements and division of work between work
packages » and provisions and procedures which shall be made to accept

and handle Shuttle Data during the life of the program shall be clearly

defined in the Data Management Plan (Reference Exhibit 2, DRL item

and the Shuttle Contractors.

o

REV.A ;/g:}/g; BINGHAMTON, NEW YORK REP. NO,
b = - —

7). A Data Manager at Houston shall be provided to interface with NASA,
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Exhibit 1

Applicable Documents to the
Shuttle Mission Simulator

Statement of Work

&p
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The following docuwents of the issue in effect on the effective
date of the contract form a part of this specification to the extent
specified herein.

Specifications | | Ref .

Addendum 'A'' SMS Malfunction List

Addendum 'B'  MCC/SMS Interface Parameters

Exhibit. 2 Data Management Specification
Exhibit 3 Covernno ot Furnished Property List
Exhibit 4 Work Breakdown Structure
Exhibit 5 Simulator Specification Tree
Pilitary
MIL-E-3400 Electronic Equipment, Aircraft General 6-29
Specification For
MIL-1-8500  Interchangeability and Replaceability of ©7
Comporent Parts for Aircrait and llicsiler.
MIL-W-16878 Wiring, Electrical, Insulated, High 6-15
Temperature :
MIL-STD-100 Engineering Drawing Practices 6-29
MIL-STD~-130 Identification Marking of U.S. Military 6-3(
' Property _
MIL-STD-143 Specifications and Standards, Order of 6-26
o - - Procedures :
MIL-STD-461 Electromagnetic Interference Characteristics
Requirements for Equipment 6-29

MIL-STD-1472 Human Engineering Design Criteria for 6-7,6~1
Military Systems, Equipment and Facilities

NHSSOO.&(lB) Quality Program Requlrements for
o - - Aeronautical and Space System Contractors’

MS-33586 Metal, Definition of Dissimilar ‘ 6-27
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NASA HDBK SP-5002 Reliable Electrical Connections

Standard USAS ¥32.16 Reference Designations for
Electrical and Electronics Parts and

Equipments
NHB 8040.2 | Apollo Configuration Management
Manual _
MIL-STD-785 : Requirements for Reliability Program
NPC200-3 Inspection System Provision for

Suppliers of Space Materials, Parts,
Components, and Services

MIL-STD-454 Standard General Requirements for
Electronic Equipment
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Exhibit 2

TO THE PERFORMANCE & DESIGN REQUIREMERTS SPECIFICATION
FOR TiE
SHITTLE MISSION SIMULATOR

DATA MANAGEMENT SPECIFICATION

e e e e v

0
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1.0 GCeneral Reaquirements

1.1 Data Requirements and Description

1.1.1 The contractor shall prepare, maintain and/or submit data through-
out the life of this contract in accordance with the Data Requirements
List (DRL). Data submitted shall be in legible form and in the quanti-
ty of copies specified in the DRL.

1.1.2 The Data Requirement Descriptions(DRD's) define the content,
format, and maintenance requirements for the data items. The DRD
defines the minimum requirements that will be accepted for the docu-
mentation. Wordinz such as "....as a minimm" or "....included, but not
limited to' permit the contractor to include data in addition to the
listed requirements, where necessary, or to use existing documentation
if appropriate. -

1.1.3 Documents referenced on the DRL and associated DRD's are the
issue in effect on the contract date of the DRL line item and shall
form a part of the data requirement line item or DRD to the extent
‘specified therein. in EPe eveﬁt-of cohfiict betﬁéén the DRL/DRD re-
quirements and documents referenced on the DRL or DRD, the DRL/DRD
fequirements shall govern. N -
1.1.4 The documentation requirements specified by the DRL shall not
be éitefed as a rééﬁlt-of a make or buy decisionﬁ

1.1.5 Where practicable, the Contractor's own'ingernal documents

shall be utilized to meet and/or supplement the requirements specificd
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_documents shall be made readily available to Fhﬁuqquigant Center

herein, e.g., internal documents shall not be retyped and printed on
more expensive paper prior to submittal.

1.1.6 The Contractor shall participate in program data requirements

revicws to assess the adequacy of Government and Contractor documentatiys

efforts.

1.1.7 Any detail documentation generated with the normal course cof
the contracted work and not a part of the data required herein shall he
rade available in accordance with the "Data Requirements" clause of
this contract,

1.1.8 References to data in the Contractors responses are permissibie
providing the refcrences are adequate and include such identification
elements as title, number, revision, etc.

1.1.9 When a referenced document would only be applicable to a minor

or limited extcnt, the Contractor shall make every effort to include

applicable requirement(s) and avoid direct reference. All referenced
' ?

Agency upon request.

-
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1.2 Classification and Catepories of Data

1.2.1 (Classification -

Data required shall Ee categorized as follows:

Type 1 - Type 1 data shall be submitted to RASA for approval.
Imélementation of Type 1 documentation shall not
proceed until after approval by NASA or until 20 dJday:
after receipt at NASA, provided notice of disapproval
has not becn received by the Contractor. |

Type 2 =~ Type 2 data shall be submitted to NASA for coordi-
nation, surveillance, information, review and/or

management control.
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submitted to NASA upon request.

1.2.2  Coiroories of Data

Data prepared by the Contractor shall be categorized as follows:

Category

R TERE . & ¥

MA - Program Management e
¢ - Scheduling ”
PC ~ Procurcenent and Céntracts
DM =~ Data Management
CH - Configuration Manapenont
LS =~ Logistics L ‘_W:,W.

MF -~ Manning and Financial
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1.3 Data Identification

1.3.1 All data shall be organized into a series of numbered documents

and shall reference the assigned contract number(s). All data delivercd,

except drawinrs and ZCP's, shall be clearly marked with the DRL line
item nunber that requires such delivery. Documents that satisfy the
requlrements of more than one line item shall reflect all applicable
line item numbers. Successive issues or revisions of data shall be
jdentified in the same manner as the basic issue. Types 1 and II docu-

ments shall be identified by MSC number to be assigned by the Center

Data Mansger (D32) for MSC through the Contract Technical Manager. Tho:s

numbers shall be entered in the upper right corner of the document covoy

as shown on the sample, Figure 1. This sample cover also illustrates
the method of identifying the document to the DRD, the DRL, the DRL
line item number, and the contract. Periodic progress reports, i.e.,

monthly, quarterly, will be identified by one basic MSC number and give;

3

separate identities in each series by thelr dates. v \

1.4 Subcontractoy Data Requirements

1.4.1 The prime contractor shall state con;ractﬁally to vendors

and subcontractors that they make all requests for program data needed
in the satisfactqrylaccomplishment of ;heir contracts to the prime

contractor,

i

O
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1.5 Data Right

1.5.1 During the period of the contract, NASA shall have the option
of requiring any data prepared under this contract be delivered in a
reasonable format and timely manner. Any such request for data in its
existine format shall not be considered a request pursuant to the

"Data Requirements' clause.
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2.0 Detailed Requircments

2.1 Preparation of Data

2.1.1 ::Data shall be prepared in accordance with the DRD specified by

. the DRL requirement. Unless otherwise specified by the DRD, the best

industry and engineering practice shall be employed when preparing the
data.

2.1.2 The reproduction and bindinz of all data required shall be
done at the lowest feasilile cost in eecordance with Tsble 2% of the
Governnent Printing and Binding regulations.

2.2 Yainternanen of Nata

2.2.1 Revisions to documentstion may be accomplished either by
individual page revision or a complete reissue of the document with the
exception of drawings wihich shall be revised in accordance with minimum

Configuration Management Requirements (Reference DRD DMOO3TA).

2.3 Data Requirements Change Procedure

@

2.3.1.1 New and/or reviged data requirements'will be incorporated by

~contract modificatipn_to_which the new or :eygsgd_DRL and/or DRD will

be appended.

2.3.1.2 The Contractor shall nqtify_the C§ntrac;ing_dffiéer in the
event a data requirement is imposed b; a contract modification and fur
which ﬁo DRL changé page is'éﬁpended. In such a éase,‘the Contracting

Officer will submit the required DRL/DRD changes, unless the data is

a "one-time" requirement. Nothing herein shall be construed to relieve
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the Contractor of the responsibility to furnish data under the pro-
visions of anﬁ contract modification in the event the appropriate DRL
change pages are not appended or otherwise furnished.

2.3.1.3 DiL change identification will be accomplished by controllivg
coch DL page separatcly and by placing a change control symbol and

date in the revision block at the top of each DRL page.

2.3.2 Contractor Initisted Cheonnqe

2.3.2.1 Contractor proposed data requircront, or propused changes 0

existing requirements chall be presented on a company controlled Docu-

2.3.2.2 Arzcciated costs for preparing DCN's in response to L€ cous
tract modifications will be evaluated and negotiated as an integral
part of said modification.

2.4 Delivery ond Distyibution of Dﬂté-.

2.4.1 Data shall be delivered to NASA in accordance with the
‘schedule presented in the_DRL and with'the_following ;nfﬁtmatiéh:

a. All documenggtion delivered éhall be clearly marked with
the DRL line number requiring such delivery texcept_drawings).

b. Type I documents shall be marked, "Preliminary - NASA
spproval Pending." . e

¢. Approved Type I documents shall reflect NASA approval.

d. Type l documentation sﬁall be submifted to_NASA via most

expeditious means.
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e.

All documentation shall be delivered to:

NASA . Johnson Space Center
Houston, Texas 77058
Attention: (Named) Contracting Officer

or

as further designated on a NASA approved Data

Distribution List.
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3.0 Order of Precedence

3.1 Where requirements of this Data Management specification and the
requirements of a DRD or the DRL conflict, the following order of
precendence shall prevaili

1. the DRL |

2. the DRD

3., this Data Management Specification
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ATTAGHMENT NUMBER; ? HATIONAL AERAKAUTICS ND SPACE ROMINISTRATION RESPONBENT: !
, — WANNED SPACECRAFT CENTER SR TN & =
FHRIBIT nouBER: ! DATA REQUIRERENTS LI1ST (DRL) ' 1“2/2_2/72 |
CONTRACE/AFP WUMBEN: € "”i.f§:£’$u£Z£is"7ﬁ“§?§= f’ﬂf ﬁf’inz‘éf; PAGE K
TELEPHONE Nuﬁi‘-’k F131 483-639%1,
TRL NUMBER: U JPROJECT/SYSTEM: 8 JREYISION: ]
El Shuttle Mission Simuplatror - -
"tigg ? ORD NUMBER : TITLE Yo Tvee | hsc vocument numeen :EE:: SL:;T;::L
2., REMARKS - co:|:s
A wns’a T
I. F 3 . 4 5 L] 7 L]
1| MA-066T PLAN, PROGRAM 1] 2 RT | SEE 9
B to
" First submittal due with Contractor's proposal. First revision to be submitted within 11 coriEs
60 days after effective date of contract. Subsequent revisions to be submitted as a— L
released. Prigt 10
Reference paragraph 4.1.1, 4.1.2, 4.2, 4.3 of the Specification
T T REQUIREMENT FOR STANDARD METHOD OF ‘ ® ¢ ? °
2 | DM~003TB INSERTING REVISED MATERIAL | N/A| N/A AR |SEE 9
This requirement is a requirement for changes and revisions, as necessary, to all s
other documents required by this DRL.
: SEE 9
! 2 . 3 4 5 ] 7 B
3 SC-Q01TB MILESTONE SCHEDULES 2 2 0 SEE_9
a . ‘ 0 15/1
First submittal due with Contractor's proposal.  Cut-off date is the last day of the 1h copiEs
Contractor's Accounting Month. Due date is the 15th of the current month. First submit-[> 8
tal due the 15th of the first month following ATP. riot 10
5] Reference paragraph 5.3 and 5.4 of the Spacification
g‘ml . 2 3 L] 5 & 7 8
o & MA-067TA REPORT, MONTHLY TECHNICAL PROGRESS 2 2 MO iSee 9
’ Qutline of this report due with proposal. Cut-off date is the last day of the Contractor'ﬁ%{i%i*“
", Accounting Month. Due date is the 15th of the current month. First submittal due the x|
--15%# of the first mouth ﬁfllouing ATP) L
2> “Reference paragraph 4.7 of the Specification Pripe 10
oo,

| lsc‘Foroza (Nov 71}

L et

NASA — MSC
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. DAL NUMBER REYISION PLGE
KSC DATA REQUIREMEKTS LIST (DRL)
(CONTINUATION SHEET) 2
1 2 3 4 5 [:3 . u’ L]
5 PC-002T REPORT, SUBCONTRACT MANAGEMENT - 12 2 MO See 9
a3 To be submitted with REPORT,MONTHLY TECHNICAL PROGRESS, DRL line item 4. Cut-off date is 01571
the last day of the Contractor's Accounting Month. Due date is the 15th of the current NRLLALL
A B
Reference paragraph 4.4 and 4.7 of the Specification. MOPth. First submittal due the 15th Pring L0
, of the first month following ATP. R h—
T 2 3 . 4 3 [ 7 8
6 MF-008TB REPORT, FINANCIAL MANAGEMENT 2 2 HO |See 9
IgBlock 10 - Cut off date is last day of Contractor's Accounting Month; due date is the 25th f PP
of the current month. (Reference NASA Form 533, Feb 67) First submittal due the 25th “ 2
of the first month following ATP. : Printl 10
Reference paragraph 5.5 of the Specification \
I 2 . 3 4 s 6 7 )
7 M-010T PLAN, DATA MANAGEMENT 1 2 RT | See 9
. 1o
[ First submittal due with Program Plan (DRL line item 1). Revision as released. T corres
«| Reference paragraph 4.5 and 7.0 of the Specification 5Ting 10
~
~ |
~ 2 E] 4 5 [ 7 8
: 8 RESERVED [1 P2 RT [See 9
| 3] 1%
>' 1toconrEs
W A 3
‘F Frint 1
(s8]
P
~h 2 3 . 4 5 & 7 g
9 RESERVED
S 2
$IoCpprES
< A 4
N
[+5]
I~

KSC Fora 2323A (Nov T1)

MNASA »— MSC
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OFL NUMBER REVISYION PAGE
WSC DATA REQUIREMERTS LIST (DRL)
(CONTINUATION SHEET) 3
i z ) 3 4 5 & 7 )
10 | RA-062TA PLAN, QUALITY ASSURANCE 1 2 RI__| See 9
"I First submittal due with program plan. Revisions as released.. : wp&g
Reference paragraph 5.6 of the Specification. Pridt
i 2 3 4 B 3 F] @
11 TM-056TA .{ PLAN, GENERAL ACCEPTANCE TEST 1 2 *T See 9
h ) . . Ty
First submittal due with program plan, DRL line item 1. Revisions as released. Vi capres
Final submittal due with Acceptance Test Procedures. DN E
. Prift 10
Reference paragraph 4.2 &6.3 of the Specification.
1 2 3 ' 4 5 6 . 7 8
12 | TM~057T PROCEDURES, ACCEPTANCE TEST 1 2 iT See 9
. ’ . ‘0
[ First submittal due 45 days prior to scheduled test. Frocaries
Reference paragraph 6,2.15.3 of the Specification. Prirt 1%
1 2 . 3 ' 4 5 6 7 8
13 [CM-016TA DATA PACKAGE, REVIEW, TRANSFER AND TURN- [ 2 2 OT |See 9
P . OVER 1o
Data Package to be submitted at start of Acceptance Test. . ZoniEs
Reference paragraph 5.2.2 of the Specification fring 2
™ | ) 3 4 B 6 7 3
-::r.la | LS=-022T DATA, VENDOR TECHNICAL 2 2 $T See 9
m 1
£1§;Due with Review, Transfer, and Turnover Data Package, DRL line item 13. f,mwzs
™ . A a
<.l Reference paragraph 6.4 of the Specification. Pring 2
N
g’._g?sc Form 2323A (Nov T1) NASA — MSC
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MSC DATA REQUIREMENTS LIST (DRL)

QAL NYMBER

REVIStION

PAGE

(CONTINUATION SIEET) 4
1 z 3 B E 5 6 7 A
15 15-023T AGENDA, SPARE PARTS PROVISIONING GUIDAN(CE - 1 2 AR |See 9
P MEETING 2
11 coetEs
. - LS 2]
Submittal due 10 days prior to proposed meeting. PrTHE
Reference paragraph 6.4 of the Specification.
! H 3 4 5 6 1 8
16 LS~024T MINUTES ,SPARE PARTS PROVISIONING 1 2 AR| See 9
P GUIDANCE MEETING - 10
"1 COPYES
Submittal due within 5 days of meeting. _ A 8
. Print; 10
Reference papagraph 6.4 of the Specification
I 2 ] 3 4 - [ 7 -]
17 |LS-025T REPORT , PROVISIONING PROGRAM STATUS 2 2 MQ iSee 9
3 . ‘ 1o
First submittal due within 60 days after Spare Parts Provisioning Guidance Meeting. L
Réference paragraph 6.4 of the Specification. ring 10
1 2 . : 3 4 5 6 7 8
18 |LS-026TA MANUAL, MAINTENANCE 2 2 RT [See 9
P 10
First submittal due at start of acceptance testing. 14 capres
) A fa
Reference paragraph 6.4(b) of the Specification. rint 10
- Reprpn ]
U F . 3 ] [} 7 .H
19 |MT-009TB MANUAL, OPERATTONS rg 2 RT | See 9
'First submittal due at start of acceptance testing. .?CO -
Reference paragraph 6.4(c) of the Specification. Prink 10
' Reprp 1

MSC Form 2323A (Nov 71)

NASA — MSC



"WSC DATA REQUIREMENTS LIST (DRL) r HoEs Revsn T
(CONTINUATIGN SHEET) 5
™~ 1 2 3 S € 7 8
- 20 RESERVED V) 2 T See 9
o™ 9 '
A
El CrrlEs
A a
Print 10
Reprp 1
1 2 3 5 [ 1 8
21 1.5-028T kIST, SPARE PARTS PROVISIONING 1 2 . {MO Sce 9
id . - o
First submittal due within 60 days of Spare Parts Provisioning Guidance Meeting. 1 oenpiEs
A a
Reference paragraph 6.4(a) of the Specification. Erine 10
1 2 . 2 . 5 B 7 8
22 SE-079TA REPORTS, ENGINEERING DESIGN 2 2 AR |See 9
~ ] . . ) to
Submittals due 15 days prior to Design Reviews (PDR, CDR). T1 CoPlEs
A ]
| Reference Paragraph 5.1.1, 6.1.1 of the Specification Print 10
Ny
‘{:“ 1 3 5 [] 7 A
Sl 23 |5E-080T PACKAGE, MODIFICATION DATA [1 2 RD |See 9
B ‘ . 1
miDue within 30 days of release. - U
. ] - .
§ Reference paragraph 4.8 and 6.1.2 of the Specification. priot 10
J24 | "RESERVED "1 |2 RD |See 9
] "o
~ ;\ CDF}:S
Jd Frigt 2
:j . Reprio 1 |
~5n )
% :
—ipg MSC Form 23234 (Nov TD) NASA — MSE
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(CONTINUATICON SHEET) 6
1 2 k] ] T ]
25 SE-082TA DRAWINGS AND ASSOCIATE M_1I 2 { 2 RD | See 9
- L]
Due within 30 days of release. P mpfa
ring 2
- Reference paragraph 6.1.3 of the Specification. BEQI? 1
] 2 3 5 7 -]
26_ | SE-0837 DRAWING INDEX 21 3 RI | _See
i Ca . o
First submittal due within 45 days after PDR. Revisions due as released. : Wpfs
_ Print 10
Reference paragraph 6.1.4 of the Specification. : ]
| H . 3 [] - 1 ]
27 | CM-017TB PLAN, CONFIGURATION MANAGEMENT 1 2 LT See 9
N ] : o . . 10
First submittal due with Program Plan, DRL line item 1. ? wgis
. rringt i
Reference paragraph 5.2 of the Specification.
28 | ci-018T " NOTICE, SPECIFICATION CHANGE f Ly l; B
7 ) 10
. . 'Y cortEs
T A 2]
Reference paragraph 6,1.7 of the Specification. B Pridt 10
! 2 3 5 . - 7 8
.29 | CM-019T LOG, SPECIFICATION CHANGE - 2 2 AR
1 L L]
19 CoprES
Reference paragraph 6.1.7 of the Specification Prigt 10

MSC DATA REQUIREKENTS LIST (DRL)

DRl NUMBER

REVISIGN

PAGE

WUSe Fora 23234 (Nov T%)

NASA — MSC
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MSC DATA REQUIREMENTS LIST (DRL)

(CONTIMJATION SREET)

Ditl. WUMBER

REY¥ISION

PAGE

2

1]

b

3
30 | CM-020T PROPOSAL, ENGINEERING CHANGE N 1 R
to
1 CoplEs
4.8 and 5.2. ifq . “ :
.Refergnce paragraph and 5.2.1 of the Specification Prick 10
t 2 13 4 5 6 7 a
jl TBED MANUAL, PROGRAMMERS REFERENCE IZ 2 See 9
‘Initial submittal due at the Start of Acceptance Testing. ’ :?CW!H
. - A 8
Reference paragraph6.4(d) of the Specification. Print 10}
4 ' : . 7 5
32 |CM-022TA " DOCUMENT, INTERFACE CONTROL ‘ 1 {° RT |See 9
9 . ' 10
Initial submittal due 15 days prior to Preliminary Design Review (FDR). T corire
. A B
Reference paragraph 2.2.1.3.2, 5.1.1, 5.2.3, 6.1.8, 6.2.1.2.1, 6.2.5.8, 6.2.5.8.4 Prink 10
- of the Specification.
1 R 3 4 5 4 7 8
33 CM-023T NOTICE, INTERFACE REVISION 1 AR
n : .10
' 1 COoPIES
Reference paragraph5.2.4 and 6.1.9 of the Specification. . -
: Pri 10
'35 |"SE-084TA * DATA BOOK . 2 | RT |See 9
y ‘ : ) o
Initial submittal due 15 days prior to Design Reviews (FDR, CDR). . corris
Reference paragraph 4.8, 5.1.1 and 6.1.5 of the Specification. Pring 10
KSC Form 23234 (No_v 1) NASA ~— MSC
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"MSC DATA REQUIREMENTS LISY {DRL)

ORL NUMBER

REVISIOK

PAGE

(CONTINUATION SHEET) 8
1 z 3 4 5 L] 7 8 :
35 | MA-069TA PLAN, PRELIMINARY DESIGN REVIEW 1 2 RT [See 9
0 o
i
First submittal due 15 days ptior to FDR. o
‘ PEIHLTO
Reference paragraph 5.1.1 of the Specification.
1 2 3 4 5 [ 1 a
36 MA-070TA PLAN, CRITICAL DESIGN REVIEW h 2 RT | See 9
]
|First Submittal due 15 days prior to CDR. ' :TEM!“
A a
Reference paragraph 5.1.2 of the Specification. Hrint] 10
'37 |'TBD. "PACILITY MODIFICATIONS REQUIREMENTS ‘ 1 {°2 TP
First submittal due with Contractor's Proposal. First revision due 15 days prior to PDR. fo
Subsequent revisions as released. : 11 corles
A B
Reference paragraph 2.2.1.1
‘38 |MA-072TA "PLAN, START OF ACCEPTANCE TESTING REVIE%‘ l’ 1] 2 Fr " See 9
‘First submittal due ls‘days prior to SATR. :TEW‘H
- A 9
Reference paragraph 5.1.4 and 6.2.15.3 of the Specification TInf 1U
139  |2CM-024TA '‘REPORT, DESIGN REVIEW SUMJIARY . 1 2 AR |* See O
Submittal due within 10 days after PDR, CDR, and SAIR. " copiEs
Reference paragraph 5.1.1, 5.1.2 and 5.1.4 of the Specification. Prink 10
WS¢ Fora 2323A (Nev 1) NASA — MSC
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GRL NUMBER

MSC DATA REQUIREWENTS LIST (BRL)

REViSION

PAGE

ol &

(CONTTNUATION SHEET) 9
1 4 3 4 S ) 7 ]
40l sE-227T SPECIFICATION, END ITEM (PART I) - 11142 RT | see 9
X 10
" Initial submittal due 15 days prior to Design Review (PDR). - —
A 4
Reference paragraph 4.8, 5.1.1 and 6.1.6 of the Specification. Pring 10
\ ] 3 . & 5 & 7 8
41 | SE-228T SPECIFICATION, END ITEM (PART I1) ll 2 RT [See 9
E ‘ ; . . 1o
Initial submitts7 due 15 days prior to CDR. Initialsubmittal of CPCEI Part II is due 15 dayg—=i
prior to CDR. 'Final submittal of CPCEI Part II is due 15 days prior to SATR. Prigt LU
Reference paragraph 4.8, 5.1.2 and 6.1.6 of the Specification. :
1 H ’ 3 4 [ 6 . H a
42 MA-073T PLAN, INSTALLATION AT MSC ) 1 2 RT ﬁee 9
£l . ‘ . ‘o
First submittal due with Program Plan (DRL line item 1). Final due six weeks prior to tl coriEs
start of imstallation. A 8
Prigt 10
Reference paragraph 4.6 of the Specification.
1 2 . 3 * 4 5 6 7 8
43 | MA-074T PLAN, FINAL ACCEPTANCE REVIEW 1 12 AR | see 9
n . ' 12
First submittal due 10 days prior to FAR. T
Pript 1
Reference paragraph 5.1.5 of the Specification.
1 2 ‘ 3 ' ' 4 r 4 ? 8
KSC Fara 2323A (Nov 71}

NASA == MSC
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NATIONAL AERQOMNAUTECS AND SPACE AOMIMISTRATION

MANNED SPACECRAFT CENTER

LINE PTEM NUMEER -

DATA REQUIREMENT DESCRIPTION 1
P, TITLE 2. wumBRER
MA~-066T
PLAN, PROGRAM .- —r
’ ‘ 6/22/73

3. USE 5. QRGANTIATEON

To serve as the basic guidelines and the single
authoritative summary document to delineate the

6, REFLARENCES

achieved.

manner by which the program objectives shall be

T, INTERRELATIONGHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

B, PREPARATION

| NFORMATEON

8.1 Subjectsto be Covered:

.

B =X ooy Fhd LD T

=

OI

The Program Plan shall include, as a minimum, brief descriptions,
rationale, and justification of the planned approach/procedures/formats/
methods/capabilities/functions, as applicable, to the following areas/
subject of the anticipated contractual requirements/effort; the subjects
are to be covered in the sequence as listed and be properly oriented and
identifiable to the Work Package/task concept as described im DRL Line
item 6, DRD #MF-008T. ' :

- Industrial Safety Plan - See 8.5.8 below
- Quality Assurance Plan - See DRD #RA-062T,

Organizational and Key Personnel Plans ~ See 8.5.1 below
Subcontracting Plans, Monitoring and Controls - See 8.5.2 beloy
Contractor's Facilities and Capabilities - See 8.5.3 below
Contractor's Manufacturing Plans/Procedures - See 8.5.4 below
Make or Buy Decisions/Procedures -~ See 8.5.5 below

Unique Transportation and Packaging Requirements - See

8.5.6 below _

Software Development Plans - See 8.5.7 below

General Testing Plans - See DRD #TM-056T and TM-057T
Configuration Management Plans - See DRD #CM-017T
Simulator Installation at MSC Plan - See DRD #MA-073T
Data/Documentation. Providing and Control Plans - See
DRD #DM-QL10T

Monthly Contractor Financial Management Report - See
DRD #MF-0Q08T

Spares Provisioning Plans - See 8.4.h below

8.2  Authoritative Mansgement Document

The Program Plan shall serve as an authoritative summary document
providing instructicns and guidelines and is to:
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a, Be logically structured by subject matter and sufficiently

validated
b. Identify potentially difficult and/or unique areas
c. Provide proper cross referencing
d. Include contractor's already-in-use or already prepared

data/documents where applicable to minimize cost and effort
e. Provide for visibility, interfaces, and data storage,
retrieval, and audits.
f. Be sufficiently descriptive of each of the several aspects
to be easily understood.

8.3 Contractual Requirement

The Contractor shall prepare and submit the revised Program Plan
within 45 days of the effective date of the contract (EDOC). Revisions
to the Program Plan are to be handled as described in DRD DM 003TA DRL

Line Item Number 2.

8.4 Separate Submittals

Because of the relative magnitude and difference in availability
of data and in the time period requirements, the following data/documents
are defined by separate DRD's and are to be prepared and published
accordingly:

DRL DRD Title
a. 10 RA-062T Quality Assurance Plan
b. 11 TM-056T General Acceptance Test Plans
c. 12 TM-057T Acceptance Test Procedures
éa. 27 CM-017T Configuration Management Plan
e. 42 MA-07 3T Simulator Installation at JSC Plan
f. 7 DM-010T Data Management Plan
g. 6 MF-008T Monthly Contractor's Financial
Management Report
h., * Spares Provisioning

% DRL 15, 16, 17, and 21 with their
respective DRD's .

8.5 Subject Coverage Guidelines

8.5.1 Organizational and Key Personnel

Indicate a specific and appropriate assignment of the
responsibility within the Organization. Include organizational charts
that identify the key personnel assignments and depict the flow of
authority and channels of communication. The charts are to show
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functional relationships which exist between organizational groups
that may differ from the line of authority. Include resumes of the
Program Manager, Project Engineer, and other key personnel. Identify
the Project Engineer assigned the responsibility for each deliverable
end item, and a point-of-contact for each work package. Prior to
diverting or reassigning specified key personnel, the contactor shall
notify the NASA Contracting Officer.

8.5.2 Subcontracting Procedures

, Identify the items, consistent with work package breakout,
that are to be subcontracted. Explain the contemplated subcontract
arrangements including method of procurement scheduling, procedures

by which control will be exercised over the subcontract effort, method
of reporting proposed subcontracts and current subcontract status to
NASA, and method of managing and controlling subcontract data.

8.5.3 Contractor's Facilities and Capabilities

Substantiate the adequacy and availability of: (1) facilities
including buildings, machinery, equipment, and test laboratories; (2)
production capacity in relationship to all other work to be concurrently
performed; (3) knowledgeable qualified manpower in the proper skills;
(4) sufficient financial resources to undertake an effort of this
magnitude. If existing Government owned facilities are to be utilized,
indicate the nature, extent, and location of such facilities, the facility
contract number under which the facility is managed and the name and
address of the cognizant Government Contracting Officer. Include names
and phone numbers of NASA and DCAS personnel in each facility location.
It is not anticipated that the magnitude, early need date and short
duration of this contractual effort will warrant or justify the
building of new facilities or the procuring of new expensive or long
lead-time production machinery/equipment. Thus, the need for additional
facilities must be thoroughly evaluated and the cost and schedule impact
be clearly identified.

8.5.4 Manufacturing Plansg/Procedures

Describe the manufacturing processes, flow of material through
the shop, in-house day-to-day scheduling procedures, methods of assigning
jobs, charging and control of man-hours, methods of forecasting the
needs fov ron-hours, methods of ordering/ providing/allocating raw
material and purchased parts, methods of supplying operational support,
tooling requirements, and parts storage.

»
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8.5.5 Make or Buy Decisions/Procedures

Describe the make or buy decision-making process, identify the
items by work package that are to be included in the make category
and in the buy category. If major portions of the work are to be done
by different divisions of the company, justify your choice and explain
the coordination/integration procedures, including the transfers and con-
trols of the man-hours and costs. Explain the break-point between buy
and subcontracting.

8.5.6 Unique Transportation and Packaging Requirement

Identify the intended packaging methods to be used. Explain
the transportation requirements for hardware/software.

8.5.7 Software Development Plans Procedures

Describe the methods and procedures to be used in providing
the software. Describe the various documents being generated which
yield computer software or an end product (i.e., flow charts, math
models, software specification, etec.).

8.5.8 Safety Plan

Describe the criteria, responsibilities, procedures, and the
organizational and documentation interface by which compliance with
the Safety and Health Article of the contract schedule will be assured.
The plan should clearly set forth the process for identification of
potential hazards, application of safety criteria to design of equip-
ment, planning of safe operations, analysis and control of hazards,
special review of design and operational plans for safety, integration
of safety guidance into operations and maintenance documents, and
reporting to NASA of safety considerations, accidents and incidents.

Parts of the Safety Plan may be described by reference to
parts of other documents submitted to NASA. 1In topical outline form,
the document shall include but not be limited to the following:

Purpose and Scope
. Policy and Responsibility
. References

Appendices

Safety Program Mansgement Structure
- Safety Management Techniques, Procedures
Product Safety Analysis Technique
Systems Engineering, Q&RA, and Safety Interfaces fox
Assuring Systems Level Safety Review

O~ W N
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9. Procedures for Hazards and Safety Review for PDR and CDR

10. Safety Contros and Plans for Houston Operations

11. Methods and Procedures for Reporting Accidents and
Incidents to NASA.

12. Procedure for Integrating Safety Advice, Caution and
Warnings throughout Manuals Required by the Contract

13. Plan for Applying Safety Provisions of Contract to
Subcontractor and Supplier.
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DAL NUMBER
HATIONAL AERONAUTICS AND SPACE AOMINISTRATION

MANNED SPACECRAFT CENTER N T RIS
! DATA REQUIREMENT DESCRIPTION )
. TITLE 2, NUMBLER
REQUIREMENT FOR STANDARD METHOD OF INSERTING DM-003TB

4, DATEL

6/22/73

B R LANY AT

REVISED MATERIAL

3. uSE

To provide a standard method for the mechanics of

updated information or additions in technical re- T R EPorTpe
ports and manuals, instructions, and other JSC M ; 1ca 1?“32221
documents to ensure orderly presentation of accu- [jagyals, JSCM's

rate data, and to provide a simplified method of 7. INTERRELATIONSHIP
accounting for copy preparation of numerous

|_small changes,

8, PHEFARATLIIN INFUREUATION

A. cope

¢(The Center Data Manager (Code fM2) will assign numbers in block 2.)

This requirement applies to all JSC documents and to all contrac-
tor documents prepared for JSC under the cognizance of the JSC Data
Manager. (See NMI 2314.1, JSCI 2314.1.) It applies to correction of or
addition to front matter, text, tabular matter, and indexes or similar
material in the affected documents. It provides for the mechanics of
} cOopy preparation only. Requirements for the control of technical or
administrative contents of changes and revisions are covered in other
documents.

B. Background Information

These requirements have been and are being applied in various
organizational areas of JSC, and are issued in this form to assure
Center-wide visibility and application. These requirements are sub-
stantially the same as those of Military Specification MIL-M-38730 (USAF)
with which JSC contractors should be familiar.

C. Definitions

The following definitions are repeated from MSCM 2221. Note that
requirements are contained within these definitians.

™

1) Change - an official correcction to a document usually

brought about by changed conditions or more complete information.
Such a correction is not extensive enocugh to require retyping

and reprinting and usually consists of an instruction to make a
few pen-and-ink corrections to the original, or to replace a few
pages with those of later issue. Short documents of ten pages or
less are revised, not changed. Change numbers are arabic numerals
assigned within the volume, part, or basic document.
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2) Change Sheet - A device for formally transmitting changes in
content or corrections to an existing document, and carries the
full level of signatures required for issuance of the original
document, as shown in Figure 1. A changed page is shown in
Figure 2.

3) List of Effective Pages « A device commonly used in complex
or security classified documents to ensure the presence in the
document of all pages currently required for effective use as
well as accountability for security purposes, as shown in

Figure 3.

4) Revision - A major change, extensive enough to require
retyping, reprinting, and reissuance of the entire document. A
revision is required when the changed and corrected material
equals 30 percent or more of the document's original paginationm,
including any previous changes. Authorizations required for a
revision are the same as those reguired for the original document.
A revised cover and revised title page are shown in Figures 4 and
5. Revisions are given roman capital letter identities assigned
within the volume, part, or basic document.

5) Supplement ~ A collection of data, printed or otherwise,
providing more detailed information on the subject of the
original document. The supplement may have a higher security
classification than the original document, or contain privileged
or proprietary information. It may contain detailed applications
of procedures, such as computer programs, which are too voluminous
( and thus too expensive to print in great numbers ) to be
attached to the original for general distribution when relatively
few require this detailed information. The supplement may not

be printed, but may exist as a motion picture film, as a set of
instrument record tracings, or as a video tape recording. The
supplement will normally, as printed, be a volume of a part of
the basic document. b

D. Requirements

1) Requirements for Changes

(a) A change sheet (figure 1) shall be prepared for each
change. Pen-and-ink changes shall be kept to a minimum.

All changed pages accompanying the change sheet shall be
listed thereon, with instructions to make pen-and-ink
corruection or to replace pages as required, with appropriate
notice as to disposition of classified pages.



Rev. B 6/22/73 | | ~ E2-29
Requirement for Standard Method
of Inserting Revised Material -3-

(b) The change sheet shall bear the title, revision letter
if any, number, and the effective date of the change, as
shown. The "List of Effective Pages'" shall bear the change
number and date as shown in Figure 3, but the tabulation

on that page shall include only the change numbers for the
pages listed, with the identity of the latest changed pages
also indicated by an asterisk preceding the page number.

(c) Change pages shall replace pages of the same numbers,
if possible. Added pages which are to be inserted between
previously printed pages shall be numbered with the number
of the left-hand page (even numbered) only, and suffixed
with a capital letter for each added page, starting with
"A', (For example, 2-22A, 2-34A, 2-34B, etc.) 1If it is
necessary to insert new pages Letween 2-34A and 2-34B,

such pages shall be numbered beginning with 2-34B, 2-34B-1,
etc., and the original page 2-34B shall be renumbered in
sequence. The letters "I" and "O" shall not be used.

(d) When page numbering continuity is broken by a deletion
of a page by a change, such page shall be furnished blank
except for a centrally located notation with proper page
number indicated as follows: '"Page , Figure(s)

, deleted". Deleted pages shall also show the
manual identifying number and classification (if anmy). If
however, two deleted pages back each other, or fall in
sequence of more than two pages, neither shall be furnished,
but a statement such as ''Pages , Figures s
deleted", indicating their deletion, shall be placed at the
bottom of the preceding page or the top of the following page,
to show reason for the break in continuity. Change symbols
shall be used in the margin adjacent to such statements (see
Figure 2) ‘

(e) Paragraphs inserted by a change shall be given the number
of the preceding paragraph (in documents with numbered
paragraphs) distinguished by the addition of capital letters
starting with "A". (For example, two paragraphs inserted
between existing paragraphs 4-29 and 4-30 would be numbered
4-=29A and 4-29B.) 1If it is necessary to insert new paragraphs
between 4~29A and 4-29B, such paragraphs would be numbered
4-29A-1, 4-29A-2, etec. When paragraph numbering continuity

is broken by deletion of text, the paragraph number shall be
shown, followed by the word “Deleted", shown in parentheses
without quotes.
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2)

(f) Illustrations inserted with a change and located

between two existing illustrations shall have the same number
as the preceding illustration, but the number shall be
followed by a capital "A" for the first figure, "B" for the
second, etc. (For example, Figure 2-5A, Figure 2-5B, etc.)
Illustrations inserted with a change after the last existing
illustration in any section shall have the next numbers in
sequence.

(g) When change or revision material requires deletion of

an illustration without substitution of another, the following
sentence shall be inserted: "Figure deleted." The
same requirement applies to tables.

(h) When a page of reproducible copy containing a halftone
illustration is furnished as part of a change or revision and
the halftone illustration is not affected by the change or
revision, no new. art need be furnished. When the contract
requires submittal of offset negatives, the page negative
shall have the screened halftone negative mortised in place.

(i) Changed text, including legends, figure titles, and
deletion notes, shall be indicated by a 1/32-inch black
vertical line in the outer margins (the left margin for
left~hand columns and the right margin for right-hand

columns) approximately 1/32 inch from the text. (See Figure 2.)
Symbols are to indicate only changes made in the current change.
The change symbol shall not be used for illustration revisions,
minor typographical corrections, changes in physical heads,
blank space resulting from shortened copy, or changes in
alphabetical indexes.

(j) 1If additional copy is added to a right~hand page, the
overrun shall be carried over to the next left-hand page, and
the overrun from this page shall be placed on an added page.
Unchanged pages including those used only for '"back- p" shall
not be resvbmitted. Chanped or added pages shall reflect the
current security classification of the information contained
therein at the time the change is prepared.

(k) Documents of 10 pages or less shall not be changed, but

shall be revised.
Requirements for Revisions

(a) Documents shall be revised when a proposed change, in
addition to all previous changes, will affect a total of over
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30 percent of the document pages, not including backup pages.

(b) Revisions shall be prepared in the same manner as basic
documents except as required herein. All previously modified
page, paragraph, and figure numbers shall be eliminated in

a revision. All previous change symbols shall be eliminated.
Change symbols shall be used in a revision for nmew or altered
material involving only such critical items as safety of
flight and correction of significant errors in text that
jeopardize personnel or equipment. Major replacement of
material such as whole chapters or sections, or major sec-
tions of chapters, shall not be indicated by change symbols

in the text. However, a change symbol shall indicate the
insertion of new or revised material in the table of contents,
list of illustrations, and list of tables in the front matter.

(c) All pages shall reflect appropriately any changes in the
security classiciation of the subject matter.
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MSC-09348

CHANGE SHEET
FOR

NASA GENERAL WORKING PAYLER

RECENERATICN OF SPACECRAFT
ATIOOYHATRS TOR 1ONG-TERM
OCCUPAICY
Change 1

Janyary 11, 1973

Mexime A. Feget ' Page 1 of 16 pages
Direcior of Engineering (with enclosures)
and bevelopment ,

After the atteched enclosures (pages 2-5 to 2-19), which are
replaccment pages, have been inserted and after the following pen and
ink changes have been made, insert this CHANGE sheet between the cover
end the title page and write on the cover "Change 1 inserted.”

Note: A black bar in the mergin of affected psges indicates the
information that was changed or edded.

Y

1, Page 2-3, paragraph 2.4: Chenge third sentence to read, "The waste
regeneration qutcm shall ensure an atmosphere tolereble to human
occunancy Tor & ypoylod of not less than 6 months when manncd &g
provided in table }+I."

2, Remove original pages 2-5 to 2-19, and replece with changed pages
2«5 to 2-19, attached.

Figere L.- Sample of Change Sheet (Sheet L of 2)
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72

3-

h.

5.

Page 3-7, table VIII, column Lk: Change basic values from "26 + 2,
nominal” to "28 + 2, nominal." :

Page 4-3, paragraph 4.7: Change to rcad “These values shall not
depart from those of the original test more Lhan % percent in either
direction.”

»

Page -3, paregraph 4-11: Delete.

S8ignature of person incorporating changes Date

Figure 1.~ Semple of Change Sheet (Sheet 2 of 2}
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3.2:1.1.3 Direct Record/Reproduce Electroniecs Assembly.-

m—m— s %A mw——

—

(v) (Continued)

(2) Signal to Noise Ratio {S8/N) - The signal to noise
ratio shall be measured at the output of a2 band-
pass filter having 18 db/octave rolloff beyond
the limits stated. The S/N shall be as indicated
in 3.2.1.1.3(b)(1).

(3) Output Impedance - Less than 100 ohms.

(4) Pulse Response - Rise and fall times shall be
Jess than 0.5 usec at 120 ips.

(5) Output Voltage - The output voltage shall be
1 volt, rms, nominal into a properly terminated
trensmission line.

(6) Harmonic Distortion - The Hermonic Distortion
shall ve less tnan 17 Third Harmonic Distortion of
the referenced signal recorder et normal record

_ leved st 120 ips. The Third Hermonic Distortien
. shall not exceed 2% for speeds of 15, 30, and
GO ips.

(7) Intermodulstion Distortion - Individual components

T T 7 S R
AT St

Mitnin 1.':'.'\:5".J-.:;.'.| FRWTR

frequencles each st 4 normal record level. The
composite-input signal shall equel the normal record

level. The F:L ': F 3 2Fl ‘i- FE and 2F2 t Fl cOompo-

nents shall be measured. This specification shall
hold for 120, 60 and 30 ips speeds.

v
L e BTG oae

L

.~e) 600 KC Performance -

(1) Frequency Response - See the following teble.

(2) Signal to Noise Ratio - See the follawing table.

Tape Speed {ips) Bandwidth (cps) 8/i (RMS Signal

. to RMS Noise)
120 300 to 600,000 32 db
60 300 to 300,000 30 éb
30 300 to 150,000 30 ab
15 300 to 75,000 30 db
7-1/2 300 to 35,000 30 db
3~3/k 300 to 17,000 30 déb

Change 1

Jamuary 11, 1973

yage 15

Figure 2.~ Serple Changed Pages (Sheet 1 of k)

£3
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13.2.1.1.3

3.8,1.1.4

.(c) (Continued)

(3) oOutput Impedance - The output impedance shall be
- }ess than 100 ohms,

(k) Ppulse Response ~ Rise and fall times shall be less
then 1.25 usec at 120 ips.

(5) output Voltage -~ The output voltage shall be
") volt, rms, nominal inte & properly terminated
transmission line.

(6) Harmonic Distortion ~ The Harmonic Distortion shall
be lecss than 1% Third Harmonic Distortion of the
referenced signal recorder a8t normal record level
at 120 ips. The Third fHarmonic Distortion shall
not exceed 2¢ for speeds of 30 and 60 ips.

{d) 100 XC Performance -

(1) Freauency Response - See the following table.

(2) sSignel to Noise Ratio - See the following teble.

{eps) 8/N (RMS SIGHA

AT O DB !{q-\ TAMTErTRpTY ':'."""} R e 1(]1(!'}

bl

60 300 to 100,000 30 db
30 300 to 50,000 30 db
15 300 to 25,000 30 ab
7-1/2 300 to 12,500 30 db
3-3/4 300 to 6,250 30 db

(3) oOutput Characteristies - See parmgraph 3.2,1.1.3(c)
(3 and 5}. .

(4) Hermonic Nistortion - The Harmonie Distortion shall
© be less than 1% Third Hsrmonle Distortlon of the
referenced signal recorder at normal record level
at 120 ips. The Third Hermonic Distortion shall
not exceed 2% for specds of 60 ips.

Frequency Shift Modulation (FSM) Electronies Assembly, - The
F5M module shall be capable of operating at sny two speeds
between 3-3/4 ips and 120 ips. Speed selection shall be made
by the use of plug-in jumpers on the module and the A-B switeh
in the control tay. The msdule shall be cepable of opersting
. at frequencies of 800 kes and 1.2 mse ot & tape speed of 120
inches per second with proportionally lower fregquencics at

lover speeds, Change 1
Jenuary 11, 1973
rage 107

Figure 2.~ Somplc Chonged Pages {Sheet 2 of y N i



Revision B 6/22/73

~  E2-36

3,2,1.1.h (Continued)

(a)

()

(NOTE:

Input -~ The input shall be an KRZ pulse traing

a level of O + 1 volt shall produce the lower of
the two recording frequencies and a level of

+ (5 to 20) volts shall produce the higher
frequency. '

Qutput - The output shall be an NRZ pulse train
which ¢an be made to have an output format identi-

‘cal to the input format with the possible exception

of & polarity inversion,

Added new material on pages 15 and 16 resulted
in the requirement for an inserted new page 16A.
The material on this peme hsr beoon sRIfiel, nob
viingzed, and therefore no chapge bars are shown.
For documents printed on both sides of the paper,
all inserted peges shall folliow even-numbered or
left-hand pages, even when all changes causing
the shift are made to the preceding odd-numbered
or right-hand page.)

Change 1
- January 11, 1973
" Poge 16A

Fipure 2.- Sample Changed Pages (Sheet 3 of k)

£5
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. 3.%.1.2,3.11.3 (Paragreph deleted.)

3. h 1.2.3.11.4 Stowame, Space Suit Assembly.w Space Sult Assembly
components shall be stowed in accordance with subparagraph 3.4.1.2.3.2.1
of Specification SID 6h-134L,

3.%.1.2.3.11.5 Survivel Equipment Storame.- The Survival Equipment
shsll be stowed in accordence with subparagraph 3. k.,1.2.3.2.1 of
Specification SID 6h-13hh

3.4,1.2.3.11.6 Food/Hork Shelf Stowage Provisions.~ The Food /Work
Shelf shall be installed in the LEB and storage space for the Food/Work
Shelf when stowed shsall be provided,

3.%4.1.2.3.11,7 (Paragraph deleted.)
3.%.1.2.3,11.8 (Paragraph deleted.)
3.4,.1.2.3.11.9 Life Vest, Crewman.- Provisions for stowing three crew-

man Life Vests will be provided in the CM during a&ll mission phases except
. Jaunch and entry, when egquipment will be worn by the crewmen.
[ 2 . .

3.4,1.2,3.11,10 (Par&grﬁph deleted. )

3.4,3.2.3.11.11 Delivery Assembly,- The Delivery Assembly consists of

8 coiled bose connecied 10 n pavernmand, fawaiched cedor dicnenser eszonibly,
which provides the crew with contrellasble source of drinking water while in
the couches, This assembly &lsc provides the capability of recharging the

spacesuit-portable life support system {PLSS) with water.

3.4.1.2,3.11.12 1M Active Nocking end Alignment Toreet.- An illuminated
passive doecking target shsil ve installed in the CM behind the right-hand
rendezvous window to permit fine elignment for docking st vebicle separation
distances up to 50 feet with the LM sctive and CSM inective,

3.h,1.2.3,11,13 Tissue Disvenser,- Provisions shall be made for the
stowage of GFE tissue dispensers.

3.4.2.2.3.11.1% Fmergencey Oxyeen Mask Asserbly.~ Provisions shell be mede
in the CM to stow three Emergency Oxygen Mask Assemblies and hoses.

3.4.1.2.3.11.15 Spacecraft Cobin Anndyzer,~ Provisions shell be made for
instellation of a spacecralt cabin mnalyzer (GEP) in accordance with
ICD FE01-03200-136.

3.h.1.2,3.12 Stowasge Provisions C/M,- The basic stowage provisions for
items stiowed in the commend module ahall be within the volumes shovm in
Fipure 123,

_ “Change 123 _
March 20, 1970
" Page 45

Figﬁre 2.~ Semple Changed Pages {Sheet 4 of b)
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Total number of pages

Page No.

*itle
*A
i,i4
1ii-vi
vii
viii
dx,x
#x1
1) to 1-3
2-1 to 2-3
2=l
2-ka, 2-4B
25 to 2-18

3-1 to 3-15

A
Chanze 5 - July 1959

§7
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- LIST OF EFFECTIVE PAGES

in this document is 162 consisting of the following:

Latest

'Change No.

5

5

2
Origlinal

3

| '
Origin#i

P

‘Original

1
Original

2
Oripinal,

Original

Figure 3. List of Effective Papges

Page No,

3-16 to 3-18

. 3~19 to 3-2h

_h—l to L8
49 to 417
4-18 to 4-29
k-30

k-31 to L4-36
5-1 to 5-9
5-10

6-1 to 6-9

6-10

#6-11 to 6-13

71 to T~36

*I-1 to I-7

Latest

- Change Yo,

1
Original
Original

3

R

2
Original
Original

3
Original

- )

5

Original

P
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I

._Msc-oooas.‘-

!

SAMPLE WORKING PAPER COVER P/icr

NATIONAL AERONAUTICS AND SPACE ADMIN’ISTRATION

NASA GENERAL WORKING PAPER
. ) ’;'
PERIODIC LANDING ZONE ANALYSIS FOR

EARTH-ORBITAL MISSIONS

L

" or

: a_rﬂé:‘.wnomr-f Doy, A

N

v

MSC-00033 Vel. I

or
MSC-00033 Vol. I Rev. A

DISTHIUTION AND REFERENCING

/'

This paper s nol sutable for gonerad distribution or relarencing. It may he relerenced
otly 1N hef wiTiing earrespondenee and documents by parlicipaiing organitalions.

1Y

MANNED SPACECRAFT CENTER
HOUSTON.TEXAS
September 23, 1568

Figure 4. Sample of Reviszd Cover

e
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SAMPLY INVERNAL NOYE CTTILE TAGH

MSC-00018

) ‘ Rev., A
PROPULSION AND POVER DIVISION INTERNAL NOTE

EVALUATION OF EJECTION SEZAT PERFORMANCE

PREPARED BY

Charles W. Yodzis -
Head, Primary Propulsion Branch '

Joseph G. Thibodaux, Jr,
Chief, Propulsion and Power Division

NATIONAL AERONAUTICS AKD SPACE ADMINISTRATION
' MANNED SPACECRAFT CENTER
. . HOUSTON, TEXAS
April 17, 1969

Figure 5. Sample of Revised Title Papge
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A

- DRL NUMBER -
KATIOKAL AERONAUTICS ANO SPACE ADMINISTRATION

~ MANNED SPACECRAFT CENTER e
DATA REQUIREMENT CESCRIPTION 3

. ) 2, NUMBER
v | sc-001TB
>

4. DATE

6/22/73

1. TITLE

MILESTONE SCHEDULES (UPDATED WEE
SUBMITTED MONTHLY) : .

with the cost-to-date incurred and the vet-to=-go
| effort.

3. uvst The Contractor's Milestone Schedules: 3. ORGANIZATION

a. Establishes the planned/scheduled progress on
the various work packages/tasks, time' phased by LTI
weeks, consistent with the contractual performance
and delivery requirements. '

b. As time passes, actual completions and progress 7. inTerRELATIONSHIP
are recorded, measured and evaluated, consistent

(The Center Data Manager (Code jM2) will assign numbers in block 2.)

8. PREPARATION INFORMATICN

8.1 The intended acceptance of the SMS MBCS is 21 months after EDOC.
and the FBCS is 36 months after EDOC. The Contractor will back up from
this date and properly reflect the significant scheduled activities

for this contractual period as a time-phased Summary Milestone Schedule.
Supporting-type formats, in more detail and with shorter time intervals,
are to be used by the Contractor to expand his work structure breakout
to be consistent with the work packages identified in DRD No. MF-008T.
The detail formats and coverage are to be as established by the Contrac-
tor's approved Program Plan. ' :

8.2 Monthly Submission

8.2.1 The Contractor shall prepare and submit "milestone schedule
charts'" that will reflect the planned/scheduled activity for each work
package/task properly time phased, as to '"when the work is to be done".
Tasks are to be identified on the charts. Schedule constraints and
parallel performances ''within a task'" are to be identifiable by "start
date,'" "period of activity," and "completion date" for each, respectively

8.2.1.1 The work breakdown structure, the work packages and tasks are
identified in DRD No. MF~008T for the Contractor's Financial Management
Report, and are to serve as guidelines in the preparation of the
milestone schedule charts. These schedules are to show WHAT is to be
done, i.e., design hardware, prepare drawings, fabricate detail compo-
nents, subassembly, assembly, conduct tests, perform inspections; and
NOT as function, i.e., engineering, manufacturing, quality assurance.

The manhours required to perform these jobs (grouped by skills/functions
that are maintained consistent) are to be recorded on the Financial

Management Reports.
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8§.2.1.2 The milestone schedule charts are to reflect the activity on a
work package, for the entire duration of the contractual period, as it will
be related to all other work packages.

8.2.1.3 Significant and identifiable one-time check-points, and one-day
events, i.e., drawings released, purchase order placed, acceptance test,
are to be reflected on the milestone schedule charts.

8.2.1.4 Milestone schedule charts are required to reflect the progress
of the preparation, reviews and submission of all data/documentation/
publications specified by the DRL/DRD.

8.2.2 The milestone schedules are to be updated, not less frequent
than weekly, are to be submitted to the Contracting Officer not less
frequent than monthly, concurrent with the Contractor's Financial
Management Report.

8.3 Schedule Milestones

8.3.1 Scheduled/Planned Activity/Event
8.3.1.1 One Day Event - By open geometric figure, i.e., triangle.

8.3.1.2 Continuous Activity - By open geometric figure, i.e, bar
(measuresble check-points at least as frequent as two-week intervals).

8.3.2 Completions/Actual Accomplishments (Reviewed and updatEd-weEkly,
submitted monthly).

8.3.2.1 One Day Event - Black in the open triangle

8.3.2.2 Continuous Activity - Black in that portion completed, in
relationship to time, time is not the controlling element actual
accomplishments which reflects ahead/behind schedule shall be indicated.

8.3.2.3 Revisions/changes in the schedules shall be clearly identified
and a complete explanation be given in the Monthly Technical Progress
Report.

8.3.2.4 Behind schedule activities/events are to be fully explained
in the Monthly Technical Progress Report.

8.3.3 Examples of applicable milestones.
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'8.3.3.1 Program Level

a. Government Acceptance of Hardware

b. Effective date of contract

¢. Design effort start/complete

d. 1Issue subcontracts

e. Order/receive material/purchase parts

f. Preliminary design review -
+g. Critical design review

h. Fabrication start/complete

i. Installation/integration at JSC start/complete
j. Acceptance tests start/complete

8.3.3.2 Work Package Level

a. Hardware design - start/complete

b. Drawing review

c. Drawings released

d. Order material/purchased parts

e. Receive/inspect material/purchased parts

f. Fabricate components start/complete

g. Subassembly start/complete

h. 1Issue subcontract

i. Receive subcontracted item

j. Software preparation, start/complete. _
(Math model generation, flow -charting, coding, checkout)

k. Inspections/tests

1. Final assembly start/complete

NOTE: Each work package should have not less than five activities/events
that are to be scheduled and monitored to reflect the plans and
progress. The activities and events are to be scheduled to provide
for expeditious flow of work through the processes, guided by
critical paths, coastraints and the most efficient and economical
use of manpower and facilities.
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: CRL NUMBER -
KATIONAL AESDNAUTICS AMD SPACE AOMINISTRATION .

MANNED SPACECRAFT CENTER

LINE 1TEM NUMBER -

DATA REQUIREMENT DESCRIPTION ' 4
» TITLE 2, NUMBER
: MA-G67TB
REPORT, MONTHLY TECHNICAL PROGRESS TR .
- 6/22/73

. USE 5. ORGANIZATHOYN
By contractor and NASA in the management/monitoring
of the progress, significant accomplishments,major
activities, problems/sclutions and correction
actions - primarily concerned with technical aspects. .
Includes subcontractors activities. Maintained TP

current and submitted monthly.

6, REFERENCES

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

R S .

. PREPARATION INFORMATION

8.1 This DRD established the requirement for preparation of Monthly
Technical PrOgress Reports. The accuracy, validity, and comprehensivenes
of the data is of utmost importance. It is intended that it be versa-
tile enough to include pertinent and usable data. The subject matter
is to be identified by work package.

8.2 The general content, coverages, and formats are to be as shown in
the Contractor's approved Program Plan. The Monthly Technical Progress
Report shall include, but is not limited to:

a. Detail breakouts of the several subject matters which are to
be in a logical and consistent format for easy reference
and comprehension.

b. Identification or cross referencing of the itenms covered to
‘the proper work package, paragraph of the statement of work,
or the applicable section of the contract. :

¢. A brief narrative description of the status of each work
‘package (i.e., actual status vs. planned status, the completion
of significant work phases behind schedule or delays, new
phases of work initiated). :

S d. Identification of current problems which can impede the
scheduled progress or jeopardize the quality of any technical
objectives and the proposed or implemented corrective action.

€. A discussion on the utilization of computers by the contrac-
tors to include machines used and machine time lost identified
to applicable work package.
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f. Complete coverage of significant subcontractual activities.

g. A brief discussion of work-yet-to-go with particular emphasis
on the anticipated work' for the next monthly reporting period.

8.2.1 The actual detail progress on the work packages is to be
reflected on the Milestone Schedule Charts, DRD No. SC-00lT.

8.3 Suggested Organization of Material

8.3.1 The detailed formats and coverages are to be as shown in the
Contractor's approved Program Plan. A suggested organization is as
follows: ‘

(1) TIitle page - The title page shall contain:
(a) Document identification in upper right-hand corner,
consisting of contract number, DRL line item number,
DRD number, and company identification.
(b) Document title - in center
(¢) Reporting period
{d) Signature block(s)
(2) Distribution List - The distribution list shall provide the

names, addresses, and copy requirements of all recipients
of the report.

(3) Table of Contents - Shall list major divisions and sub-
divisions of the report. Each entry should include the
title and page number.

{(4) Main Body - The main body of the report shall be organized
as suitable to the contract organization and management
requirements. Thereporting of elements shall be done under
four headings: ~

(2) Purpose and Scope - Brief description of the task element
being reported. : '

(b) Status - Summary of the overall status of the element
of contract work being reported. :
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(c) Problems - List of problems, proposed/anticipated
solutions/ corrective actions.

(d) Plans ~ Outline of work to be conducted in the next
' reporting period.

8.3.2 This report will be in narrative form; however, the use of
charts, tables, cross references, attachments, and addendums is
encouraged for the sake of brievity, clarity, and economy.

8.3.3 The Monthly Technical Progress Report shall include, as
applicable, coverage by separate sections within the respective work
packages,changes to or progress in the following subject areas:

(1) Configuration Management

(2) Spares Provisioning/Support

(3) Organization/Key Personnel

(4) Facilities & Capabilities

(5) Manufacturing Plans/Procedures ‘
(6) Make or Buy Decisions

(7) Materials Utilization

(8) Subcontracting

(9) Quality Assurance

(10) Computer Loading & Utilization

(11) Meetings/Reviews

(12) Testing - Results/Failures ' -
(13) Open Action Items

(14) Safety/Accidents
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URL NUMBER -
NATIOHAL AERONAUTIECS AND SPACE AOMIMISTAATION
’ MANNED SPACECRAFT CENTER ’

LINE ITEM NUMBER -

DATA REQUIREMENT DESCRIFTION

5
2, BUMBER
T | ~ PC-002T
REPORT, SUBCONTRACT MANAGEMENT T
, 6/22/23

3, ustE 5. ORGAN!IATION

To inform NASA of the status of the contractors
subcontract effort. :

6. REFERENCES

7. INTERRELATIONSHIP

(The Center Data Manader (Code JM2) will assigdn numbers in block 2.}

8. PREPARATION INFORMATION

8.1 Scope

" The Subcontract Management Report shall be a summary of all
subcontracts.

8.2 Content
h The report shall include, as a minimum:
(1) Schedule of current and proposed subconcfact activities,
(2)7 Status of all subcontracts outstanding including, at‘leastz
(a) Estimated Cosc | |
(b) Cost to date
(e) Percentage-complete

(3) Notification of any proposed subcontracts including, at least

(a) A description of the supplies or sérvices to be cailed
- for by the proposed subcontract.

(b} Identification of the proposed subcontractor and an
explanation of why and how the proposed subcontractor
was selected, lncluding the degree of c0mpet1ti0n
obtained.
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(¢) The proposed subcontract price, together with the
contractor's cost or price analysis thereof and a
statement as to whether the price is based on
established catalog or market prices of commercial
items sold in substantial quantities to the general
public, or prices set by law or regulation.

(d) Identification of the type of contract proposed
to be used. .
(4) Description of any current or forseeable problem areas
in the subcontracting effort.
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. : DRL NUMBER -
NATIONAL AERONAUTICS AND SPACE ADMIKRISTRATION 6

. MANNED SPACECRAFT CENTER
DATA REQUIREMENT DESCRIPTION

LINE ITEM NUMBER -

. TITLE 2, NUMBER

Report, Financial Management —rr
(NASA Form 533) | . . . : 12/22/72

3. USE 5. ORGANLZAT|ON

The Contractor's Financial Management Report:

a., Serves as basic documenting of the "cost' and
Ymanhours" as '"forecast' and as '"actually utilized[®- ReFErEnces

for the entire contractual duration,time-phased by| s«

monthSO ' - 7, INTERRELATIONSHIP
b. * gee below . T _ dokk

{The Center Data Manager (Code fY2) will assign numbers in block 2.}

8, PREPARATION INFDAMATION

* b. This document substantiates the "need for funding" on the contract
and supports the '"approval-to-pay" the vouchers submitted by the contrac-
tor within the framework of the contract.

L Procedures for Reporting Cost Information From Contractors; '"NHB
9501.2 March 1967, NASA Hdqrs. Para. &.5 of the Statement of Work.

*%% The "cost" and "manhours' are to be correlated, by~time to the
YMilestones ‘Schedules" and "Monthly Technical Progress Reports',

8.1 The manual referenced in block. 6, serves as the basic guidelines
and instructions for the preparation and submission of the Contractor's
Financial Management Report. The formats for the Contractor's Financial
Management Report, with appropriate work packages, as required for
contract monitoring, are described below.

8.1.1 The Work Breakdown structure shall be in accordance with 8.2 whigh
designates the Work Packages/tasks, that are to be evaluated, planned forx,
and priced, including the manhours required for each, consistent with the
time~phased milestone schedules; whereas, both are to be reflected in
monthly, or less frequent increments for the entire period of the con-
tractual effort. Contractors will not deviate from this stipulated

work packages/tasks breakdown structure without written approval from the
NASA Contracting Officer.

8.1.2 Because of the relatively short duration of this contractual
period and the essential need for effective forecasting of manhours and
costs the NASA Form 533, Quarterly modified to Monthly Contractor
Financial Management Report shall be used; whereas the complete
financial plans and actuals will be reviewed ,updated- and submitted each
month.

KSC Form 2341 (Rev 113 ‘ : NASA —— MSC
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8.1.3 Attached is a copy of "Monthly (converted from quarterly)
Contractor Financial Management Report'' NASA Form 533.~ Also, attached
is a copy of "Monthly Contractor Financial Management Report, NASA
Form 533a, only the Instfuctions on the reverse side are applicable.

8.1.4 Prepare and submit NASA Form 533 (use as many sheets as necessary
for adequate work package coverage, plus summary coverage) to arrive in
the office of the addressee not later than the 25th calendar day of
each month. Follow the applicable instructions on the reverse sides of
both Form 533 and 533a. Particularly, attention is directed to the
requirement that the forecast shall be reviewed and updated monthly and
an adequate 'Remarks" section shall be included with each monthly
submission. The '"Remarks'" are to be brief, covering the significant
aspects. Use is to be made of proper cross referencing to paragraph/
section/page number or task in the Monthly Technical Progress Report

or on the Monthly Milestones Schedule Charts to minimize duplication/
wasted effort.

8.1.4.1 On all Work Package level sheets, the man-hours shall be
expressed to the nearest man-hour, not rounded off to the nearest tens
of thousand; likewise, dollars are to be epxressed to the nearest
dollar, not rounded to the nearest tens of thousand. On the Summary
Program level sheets, man-hours and costs may be rounded to the nearest
hundred. '

8.1.4.2 The Monthly Contractor Financial Management Report, NASA Form
533 (Modified from Quarterly), shall include the "reporting categories"
as designated in the Contractor's approved Program Plan. The Form 533
shall be divided into basically five groups as shown:

a. Summary Program Level

b. Work Packages, Separately

c. Subcontracting - (Same detail as if it were prime,
relatively)

d. Spares Provisioning

e. Proposed Changes - Awaiting Approval/Implementation. (DO
NOT include these in Program Summary until "approved for
implementation'')

8.1.4.3 On the Work Packages where subcontracting effort is performed
the subcontractor shall be identified and kept separated from the prime
effort. . '

8.1.4.4 Spares, man-hours, materials, and direct cost, including
storage and documentation, are to be kept separate in WBS No. 4.0.
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8.1.4.5 In cases of conflicting instructions, those contained in
the contract including DRD prevail. Omit Instructions 10 and 11 on
533a and Instructions 11 and 12b and ¢ on 533.

8.1.5 Man-hours/costs are to directly identify/trace progress as
reflected on the Milegstone Schedule Charts. The schedules tell what
is to be done.

8.1.6 Include a separate section of charts of '"Manhours" and "Costs"
by Program Summary Level and by Work Package, which clearly reflect
the requirements, forecast by month to completion, and shows the
“planned vs. actuals'" as time passes. (Monthly rates and cumulative)

8.2 Work Breskdown St tyre

8.2.1 The Work Breakdown Structure for the SMS Motion Base Crew
Station is to be in accordance with the Work Package as indicated
herein.

4] acksge

1.0 SMS Motion Based Crew Station ~ This work package is a
composite of work packages 1.1 to 1.7 and as such defines
the cost for the SMS.MBCS.

1.1 Hardware - This work package is a composite of work packages
~1.1.1 to 1.1.7.

1.1.1 MBCS Crew Station - Includes the design and manufacture
of the SMS MBCS including controls and displays, primary
and secondary structure, internal mockups and cabling
and the design review mockup.

1.1.2 MBGCS Instrugtor-Operator Station =~ Includes all the
design and manufacturing effort of the MBCS I0S including

structure, panels, displays and controls exclusive of
visual and internal wiring. Software associated with IOS -
functions shall be costed in WBS 1.4.2.

1.1.3 DCE & Ancilliasrv Equipment -« Includes the effort to
design and manufacture the digital conversion equipment
as well as to modify the GFP DCE. It also includes all
the design and manufacturing effort utilized in providing
interconnecting cables, power suppllies, aural cue equipment,
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1.1.5

1.1.6

1.1.7

1.2

1.2.1

1.2.2

1.2.3

1.2.4

communication equipment, external interface equipment,
interface cabinets and other equipment not specified
elsewhere in the WBS.

Visual System =~ Includes all the effort utilized in the
hardware design and manufacturing of the

MBCS Visual system including the structure to mount it
on_ the motion system.

On~Roard Commuter Interfaces ~ Includes all the design
and manufacturing effort of the OBC equipment and
interfaces.

Computer Complex - This work package shall include all
costs associated with maintaining, operating and
modifying the SCC.

Motion System - Includes all the effort utilized in the
design and manufacturing of the SMS MBCS motion system.

Shutfle System Simulation Software - This composite work
package includes all the effort to design, document,
code, and to test to the individual program component
level the simulated shuttle systems.

Title Shuttle Systems
Power Systems Electrical Power System
Mechanical Power System
Auxiliary
.Hydraulic

Shuttle Propulsion System Solid Rocket Motors
Main Engines
External Tank

Orbiter Propulsion Reaction Control System
System Orbit Maneuvering System
Air Breathing Engine System

Communication/Tracking Navaids
System S-Band Comm
' - URF Comm

VHF Comm
TLM
DCs
TV Control Logic '
Recorder Control Logic
Intercom
Wide Band Data Link
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1.4 §imulator Control Software - This composite work package

1.4.1

1.4.2

1.5

1.6

1.6.1

1.6.2

1.5.3

includes the systems effort to design, documeant, code

and to test to the individual program level the gimulator
control program. The individual programs are to be grouped
for cost purposes into the following work breakdown
structure:

Title Systems

Program Structure Real Time Input/Cutput

Synchronous Simulator
Program Processor

Magter Timing

Operating System Interface

Simulator Control Master Control
Data Recording
Advanced Training
CRT Pages
CRT Interactive Processor

Support Software - Includes the systems effort to design,
document, code and to test to the program level, the -
support software programs, e.g., Reset Generator, Data
Bage Generators, etc.

Program Management - This work package is a éomposite
of WBS 1.6.1 to 1.6.4.

Program Office - Includes all the effort directed

toward and execution of the program management functions
associated with the SMS MBCS. Also included in the WBS
is the data review and ECP preparation effort.

Systems Integration - Includes the effort to test and
document the software packages into an integrated
simulator load exclusive of hardware/software integration.

Installation, Test and Checkout - Includes all effort
{including development) utilized in Installation, check-
out and testing, both at factory and installation site.
Also includes the design and manufacturing effort utilized
in providing any special equipment for use in installation,
checkout and testing. It also includes the effort
associated with spares provisioning the MBCS for a period
of one year after acceptance and the factory and on-site
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1.6.4

1.7

support to train the maintenance and operations personnel
for a period of six months after MBCS acceptance.

Documentation - Includes all development, printing.

- and distribution effort utilized in providing Documen-

tation and/or Publications. System Engineering docu-
mentation which is a normal by-product of the design
process, e.g., Engineering Drawings, CEIl's, Engineering
Reports, shall be bid in the appropriate WBS and only
those efforts associated with the actual publication
process included here, e.g., editing, re-typing, dupli-
cation and distribution.

Miscellaneousg Hardware & Software - Effort which does not
follow into any of the other work packages shall be

costed here.
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2.0 SMS Fixed Base Crew _Station -~ This work package is a

composite of work packages 2.1 to 2.7 and as such defines
the cost for the SMS FBCS.

2.1 Hardware - This work package is a composite of work packages
2.1.1 to 2.1.6.

2.1.1 FBCS Crew Station - Includes the design and manufacture
of the SMS FBCS including controls and displays, primary
and secondary structure, internal mockups and cabling
and the design review mockup.

2.1.2 FBCS Instructor-Operator Station - Includes all the
design and manufacturing effort of the FBCS I0S including
structure, panels, displays and controls exclusive of
visual and internal wiring. Software associated with
108 functions shall be costed in WBS 2.4.2.

2.1.3 DCE and Ancilliary Equipment - Includes the effort to
design and manufacture the digital conversion equipment
as well as to modify the GFP DCE. It also includes all
the design and manufacturing effort utilized in providing
interconnecting cables, power supplies, aural cue equip-
ment, communication equipment, external interface
equipment, interface cabinets and other equipment not
specified elsewhere in the WBS,

2.1.4 Visuval System - Includes all the effort utilized in the
hardware design and manufacturing of the FBCS Visual
system including the structure to mount it on the
motion system.

2.1.5 On-Board Computer Interfaces - Includes all the design
and manufacturing effort of the OBC equipment and
interfaces.

2.1.6 Computer Complex - This work package shall include all
: costs associated with maintaining, operating and
modifying the SCC.

2.2 Shuttle System Simulation Software -~ This composite work
package includes all the effort to design, document,
code, and to test to the individual program component
level the simulated shuttle systems.
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Title
2.2.1 Power Systems

2.2.2 Shuttle Propulsion
~System

2.2.3 Orbiter Propulsion
System

2.2.4 COmmunication/Tracking
System

2.2.5 GN&C (Less Computer)

2.2.6 ECLSS

2.2.7 Alrcraft Systems

E2-55b

Shuttle Systems

Electrical Power System
Mechanical Power System
-Auxiliary
.Hydraulic

Solid Rocket Motors
Main Engines
External Tank

Reaction Control System
Orbit Maneuvering System
Air Breathing Engine System

Navaids

S-Band Comm

UHF Comm

VHF Comm

TIM

DCS

TV Control Logic
Recorder Control Logic
Intexrcom

Wide Band Data Link

IMU

Star Tracker
Horiz Sensor

Aly Data

Rate Sensor
Accelerator

MPS TVC

O0MS TVC

SPS TVC

Aero Surface Cntl
Target Vehicle G&C

Environmental
Thermal

Purge Vent System
Landing /Braking System
Speed Brake

Ejection Seat System
Docking Mechanism
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2.2.8

2.3

2.3.1

2.3.2
2.3.3
2.&

2.4.1

2.4.2

Payload Accommodation Interfaces

System Payload Structural Attachment
Payload Deployment and

Retrieval Mechanism

Payload Doors
Rendezvous and Docking Sensor
Orbit Station
Payload Bay Lighting
Payload

Simulator Applications Software ~ This composite

work package includes the effort to design, document,

code and to test to the individual program component

level the simulator applications programs. The individual
programs are to be grouped for cost purposes into the
following work breakdown structure:

Equations of Motion Translational &

Rotational Dynamics
Mass Properties
Ephemeris

Visual Software

Aural Cue Software

Simulator Control Software - This composite work package

includes the systems effort to design, document, code

and to test to the individual program level the simulator
control program. The individual programs are to be grouped
for cost purposes into the following work breakdown
structure:

Title Systems
Program Structure Real Time Input/Output

Synchronous Simulator
Program Processor

Master Timing

Operating System Interface

Simulator Control Master Control
Data Recording
Advanced Training
CRT Pages
CRT Interactive Processor
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2.5

2.6

2.6.1

2.6.2

2.6.3

2.6.4

2.7

Support Software ~ Includes the systems effort to design,
document, code and to test to the program level, the
support software programs, e.g., Reset Generator, Data
Base Generators, etc.

Program Management - This work package is a composite

e
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of WBS 2.6.1 to 2.6.4.

Program Office « Includes all the effort directed

toward and execution of the program management functions
associated with the SMS FBCS. Also included in the WBS
is the data review and ECP preparation effort.

Systems Intepration - Includes the effort to test and
document the software packages into an integrated
simulator load exclusive of hardware/software integration.

Installation, Test and Checkout - Includes all effort
(including development) utilized in installation, check-
out and testing, both at factory and installation site.
Also includes the design and manufacturing effort utilized
in providing any special equipment for use in installationm,
checkout and testing. It also includes the effort
assoclated with spares provisioning the FBCS for a period
of one year after acceptance and the factory and on-site
support to train the maintenance and operations personnel
for a period of six months after FBCS acceptance.

Documentation - Includes all development, printing

and distribution effort utilized in providing Documen-
tation and/or Publications. System Engineering docu-
mentation which is a normal by-product of the deaign
process, e.g8., Engineering Drawings, CEI's, Engineering
Reports, shall be bid in the appropriate WBS and only
those efforts associated with the actual publication
process included here, e.g., editing, re-typing, dupli-
cation and distribution.

scellaneous Hardware & Software - Effort which does not
inte any of the other work packages shall be
here.
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MANNED SPACECRAFT CENTER

[+3:4 MBER
* NATIONAL AERONAUTICS AND SPACE AOMINESTRATHON ToNumE

LENE 1TEM NUMBER -

DATA REQUIRERENT DESCRIPT!ION 7
1, TiTLE 2, NUMBER
PLAN, DATA MANAGEMENT : ' DM~-010T
. 4. DATE
‘ - 6/22/73

3, USE 3. QRGANTZATICN
To outline the contractor's planned method for
management and control of data as required by th

6., REFERENCES

contract. -
T. INTERRELATIONSHIP
{The Center Data Manager (Code JM2) will assign numbers in block 2.)
8. PHEFPARATEON INFORMATION
8.1 Scope

The Data Management Plan shall describe the methods to be employed
for the identification, scheduling, preparation, control, procurement,
and delivery of data required by the contract. The procedures and
methods described in the plan shall provide for an effective data
management system to meet program requirements.

8.2 Content

The plan will define the following functions of the contractor's
basic system and the contractor's concept of application and mode of
operation. '

Data Identification
Data Definition
Acquisition of Subcontractor Documentation -
Data Validation
- Data Preparation
'Data Interfaces .
Data Change Control <
Data Distribution
Data Storage and Retrieval
Document Visibility
Data Management Audits

L] - - .

Wi o T8 PH O OLO T D
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DRi NUMBER -~
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER

LINE NTUW RUMHD I -

DATA REGQUIREMENT DESCRIPTION _ 10
T : 2, NUMBER 062TA
PLAN, QUALITY ASSURANCE . GATL R 1
. ' . 6/22/73

3, YSE 5, ORGANIZIATION

To serve as the master planning and control elemen
for a quality program.

6. REFERENCES

7. INTERRELATIONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

B. PREPARATION [NFORMATION

A, gontents

1. Thls DRD establishes the requirements for the preparation of
a Quality Assurance Plan (QAP) that will serve as the master
planning and control document for a quality program.

2. The QAP shall implement the following requirements:

a) INSPECTION SYSTEM PROVISIONS - The contractor prepared
Quality Assurance Plan will specify a quality assurance
and inspection system in accordance with the requirements
of NASA Quality Publication NPS 200-3 entitled, "Inspec-
tion System Provisions for Suppliers of Space Materials,
Parts, Components and Services,'" and NHB-5300.4(1B) as
amended below:

1) Delete paragraph 3.8, NPC.200-3, Nonconforming ArticleT.

2) Implement the provisions of chapter 1B706, "Inspection
and Test Records and Data,' NHB 5300.4(1R)

NOTE: NHB 5300.4(1B) "Quality Program Provisions
for Aeronautical and Space System Contractors'
dated April, 1969, superceded NPC 200-2, dated
Aprll, &962

3) Implement the provisions of chapter 3, "Design and
Development Controls,' NHB 5300.4(1B).

4) Implement the provisions of chapter &, "Identification
and Data Retrieval," NHB 5300.54(1B).
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b)

d)

n——

~5) Implement the provisions of Chapter 8, "Nonconforming

Article and Material Control," NHB 5300.4(1B).

QAP SUBMITTAL FOR CUSTOMER REVIEW - The QAP shall be
submitted for review with the contractor's proposal

and any changes, additions, or supplements thereto such
as required by paragraph 3.6, NPC 200-3, shall be
submitted 30 days prior to intended use. The QAP,

when deemed adequate by the customer, will be considered
as a negotiated agreement pursuant to contractual
quality provisions and parts thereof may be disapproved
by the customer at a later date, when demonstrated

to be adequate. In no case shall customer acceptance

of the QAP be construed to express or imply approval of
supporting procedures referenced within the context of
the QAP. Further, when necessitated by conditions
determined by the customer or the contractor to be out

of control, it shall be incumbent upon the contractor

to provide supplements to the QAP to correct, preclude.
recurrance of, and/or more fully control these conditions.
Supporting procedures referenced within the body of the
QAP may be included as supplements to the QAP or may be
submitted separately as required or as deemed appropriate
by the contractor; however, procedural documents such

as required by paragraph 3.6 of NPC 200-3 shall be sub-
mitted to the customer 30 days prior to intended use.

If customer disapproval has not been indicated within

20 days, the contractor may proceed.

TEST PLAN - The contractor shall submit a test plan to

the customer for approval. This test plan shall encompass
component, subsystem and end-item testing, including
proposed time schedules for accomplishment of these tasks.
Ref. DRD TM-056T.

HAND SOLDERING - The contractor, as 4 minimum, shall

comply with NASA Quality Publication NHB 5300.4(34A),
"Requirements for Soldering Electrical Connections."
The Quality Assurance Plan will include or reference
contractor specifications that define and/or control
the subjects discussed in paragraph 3A100-2. If these
contractor specifications are not included as part of
the plan, they shall be submitted concurrently as
supplements to the plan.
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e)

£)

g)

h)

IDENTIFICATION AND MARKING - Items are to be identified
in accordance with MIL-STD-130 of the issue in effect
at the date of request for proposal.

MARKING FOR SHIPMENT AND STORAGE =~ Marking shall be in

accordance with MIL-STD-129 of the issue in effect at
the date of request for proposal.

FAILURE AND UNSATISFACTORY CONDITIONS - The Contractor
shall establish, implement, and maintain a system for
reporting, analyzing, and correcting all failure of a
component, assembly, or a system failure or malfunction
occurring during final inspection or test, or pre-
delivery acceptance test. A failure is defined as the
inability of a system, subsystem, component, or part to
perform its required function within specified limits,
under specified conditions for a specified duration.
All occurrences fitting this definition are failures
even though the cause may be something other than an
inherent part fault, such as the failure of another
part, human error in handling or prOcedure, and failurES
of test facilities or instrumentation.

QUALITY STATUS REPORT - The Contractor shall provide a
Monthly Quality Status Report which shall be included
with the Monthly Technical Progress Report. This
Quality Status Report, as & minimum, shall reflect the
following:

1) Organizational and key personmel changes.

2) Significant program and article or material problems,
including failures, their solutions and remedial and
preventative actions.

3) Contractor performence such as inspection and test
activities, procurement activities relative to supplier
selections, surveys and procurement reviews.

4) Other information as deemed necessary by the Contractor
andf/or the customer.
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1)  ACCEPTANCE - Preliminary inspection for compliance with

the contract specifications and requirements may be
performed at origin by an authorized representative of
the Government, and final inspection and acceptance will
be performed at the designated delivery point by the
Contracting Officer or his authorized representative.

DATA PACKAGE - The Contractor shall supply a data package

for each contractual hardware item and, as a minimum, it
shall include those entities delineated in paragraph
1B706, NHB 5300.4(1B) and the following:

1) DD Form 250 (MIRR) - One copy of the DD Form 250
shall be included in the data package for each

shipment made under this contract.

'2) Materisl Review Records - The data package(s) shall

contain copies of all associated MRB actioms.

3) Waivers, Deviations, and Shortages - In the event the
Contractor is authorized (1) to waive or deviate
from any of the requirements of this contract, or
(2) is authorized to deliver supplies or services in
a quality less than or not in accordance with that
called for in the contract, there shall be included
in the data package documentation (e.g., copies of
correspondence, TWX's, etc.) attesting to the
authorizations granted.

4) Failure Reports - All Failure and Analysis Reports
applicable to the item being shipped shall be in-
cluded in the data package.
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’ : DRy NUMBER -
NATIONAL AENDNIUTICS,IND SPACE AOMINESTRATION

MANNED SPACECRAFT CENTER :
LINE (TEM NUMBER -

DATA REQUIRENENT DESCRIPT!ON 1
P, TLE ) . 2. KUMBER
GENERAL ACCEPTANCE TEST PLAN | TM-056TA
4, DATE
6/22/73

1. USE 5. ORGANIZATION
To insure that the end item acceptance test pro-
cedures and philosophy are adequate to insure that

6. REFERENCES

the CEI conforms to the end item specification.
To describe the test philosophy and test require-

ments. To outline pertinent criteria for fimal >

« INTERRELATIONSHIP
acceptance.

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

8. PREPARATYON INFORMATION

A. Contents

1. This Data Requirement Description (DRD) established the require-
ment for the preparation of an acceptance test plan which will in-
sure that the packages, subassemblies, assemblies, and the end item
comply with the associated specification requirements.

2. The test plan shall, in particular, include the detailed
description of the testing and checkout of the test items.
Specifically, the plan shall provide at least the following
detailed information:

a. Test item, test program objectives, and related test
philosophy, including various test relationships..

b. Description of test item, related fac1lities, and
support equipment.

'C, Sequence and schedule of tests identifying significant
' milestones. .
d. Descriptions of the tests to be performed on the end item,
including objectives, prerequisites, and constraints.

e. General measurement requirements, including methods of
recording and evaluation (nominal and tolerance values of
the measured parameters.
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f. Identification of all applicable detailed operating
procedures, acceptance testsy end item specifications,
and test procedures, etc., including document number,
revision, and title.

g. Glossary of abbreviations, acronyms, and terms used in the
plan.

h. Method of publishing test results and data.

3. References to other contractor documentation are permissible,
providing the references are adequate and include such identifi-~
cation elements as title, number, applicable revisions, paragraphs,
etc. When a document to be referenced would only be applicable to
a minor or limited extent, the contractor shall make every effort
to include the applicable requirement(s) and avoid direct reference.
All referenced documentation shall be readily available to the
cognizant agency upon request.

Organization of Material in Response Document

The following organization is to be used as an outline for the
Response Document:

1. Cover - The cover shall contain: (a) Document Identification
Number =~ in upper right-hand corner; (b) Document Title -~ in
center of cover; (c) Contract Number - placed below (a); (d)
Date, and (e) Name of Company - across bottom of cover.

2. Disclaimers - Indemnification and/or other restrictive notices
shall be placed inside the front cover.

3. Title Page - Provide same informaﬁion as cover, except add
signature block(s) for cognizant authority(ies) signature(s).

4. Revision Status Sheet - The revision status sheet shall provide
a record of page and paragraph changes made in each revision,
including a brief and simple description of the change(s) and
reason(s) for the change(s).

5. Distribition List - The distribution list shall provide the
names, addresses, and copy requirements of all recipients of
the plan.

6. Abstract - Provide a brief summary of the contents of the plan.
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7. ZITable of Contents - Shall list major divisions and sub-
divisions:of the plan. :

8. Main Body of Plan ~ The main body of the plan shall be
divided into sections according to subject matter. These
sections will be identified by a symbol, such as any arabic
numeral. The sections will be further subdivided into sub-
sections and paragraphs which are identified by a decimal
expansion of the section identifier (e.g., 1.1). The
following shall be the section organization:

a. Section 1 - Introduction

b. Section 2 - End Item Description

¢. Section 3 - Test Program Description
d. BSection 4 - Gloséary

C. Publication Reguirements

1. The distribution and submittal of the plan for review by the
requiring office(s) and subsequent issue shall be as gpecified on
Contract Data Requirements List (DRL), NASA Form 1106.

D. Changes and Revisions

When the plan is affected by approved program and hardware
configuration changes, the plan must be revised per DRD DMOO3TA,
DRL Line Item No. 2.
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DAL NUMBER -
NATIONAL AERONAUTICS ANG SPACE ADMINISTRATIOHN

' YANNED SPACECRAFT CEMTER TR E RN T TE
DATA REQUIREMENT DESCRIPTION 12
2. NUMBER
., TITLE TM-OS?T

ACCEPTANCE TEST PROCEDURES —
' 6/22/73

5. ORGANTZATION

3, USE

To insure that the end item conforms to the |
requirements of the applicable end item specifi~
cation. :

€. REFERENCES

?. INTERRELATEONSHIP
General Acceptance

Test Plan
(The Center Data Manager (Code Jy2) will assign numbers in block 2.)

8, PREPARATION INFORMATION

A. Cohtengs

1. This DRD establishes the requirements for the preparation of an
Acceptance Test Procedures document covering thé test and inspection
(conditional and final test demonstration) of a CEI to insure
compliance with specification requirements.

2. The document shall include the following information:
a. Identification of the end item to be tested and inspected
b. The objectives of the test and inspectionm.

¢. List of persomnel and thelr functions requlred to perform
test.

d. Measuring and test equipment to be used: Specifying range,
accuracy, and type (specify the particular scale, dial, or
device to be observed if recording type; indicate details
of tape, film, sensitized paper or punch cards involved).

e. Detailed operations to be performed by the test operator
including operational checks or prellmlnary calibration
of test setup.

f. Exact method of inspecting or measuring, including
necessary manipulation of controls on the article involved
and on the measuring and test equipment.

AR
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'g. Conditions that must be maintained during inspection and
test, including ambient or environmental conditions, and
_precautions to be observed to prevent damage to the
personal articles or instruments involved.

h. Criteria for passing or failing test, or for determining
conformance or rejection of the article, including
reference to workmanship inspection standards.

i. Details of sampling plans to be used, If applicable.

Organization of Material in Response Document

The following elements of organization in order of appearance are
recommended and should be used as applicable to each individual
situation:

a. Cover - The cover shall contain:(l) Document Identification
Number - in upper right-hand corner

b. Disclaimers - Indemnification and/or other restrictive notices
shall be placed inside the front cover.

¢. Title Page - Provide same information as cover except add
signature block(s) for cognizant authority(ies) signature.

d. Revision Status Sheet - The revision status sheet shall provide
record of page and paragraph changes made in each revision.

e. Distribution List - The distribution list shall provide the
names, addresses, and copy requirements of all recipients of the
procedure.

f. Abstract - Provide a brief summary of the contents of the

procedure.
b

g. TIable of Contents - Shall list major divisions and subdivisions
of procedure.

‘h. Main Body of Procedure - The main body of the procedure shaill

be divided into sections according tc subject matter. These
sections will be identified by a symbol such as an arabic
numeral. The sections will be further subdivided into sub-
sections and paragraphs which are identified by a decimal
expansion of the section identifier (e.g., 1.1).
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C.

Publication Requirements

1. The distribution and submittal of the procedure for requiring

office(s) and subsequent issue shall be as specified on the Data
Requirement List.

Changes and Revisions

Changes in the procedure will be made by change pages and/or
complete revisions per DRD DMOO3TA, DRL Line Item No. 2.

< T
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)

DRL NUMBER -
NATIONAL lEﬂﬂNlUTlaﬁ_lnﬂ SPACE ROMINISTRATIGHN

MANNED SPACECRAFT CENTER

LINE tTEM MNUMBER -

DATA REQUIREMENT ODESCRIPTION 13
t, TITLE 2, WUMBER
DATA PACKAGE, REVIEW, TRANSFER AND TURNOVER R CM-016TA
4, DATE -
6/22/73

USE 5. ORGANIZATION

6. REFERENCES

7, INTERRELATIONSHIP

Drawing and Associateq
Lists, Form 2

{(The Center Data Manager (Code JM2) will assign numbers in block 2.)

PREFARAT ION INFORMATION

8.1 This Data Requirement Description establishes the requirements for
the preparation of review data covering major information relative to
simulator configuration and testing.

8.2 The data package shall be assembled and prepared as required,
and maintained current. These data items shall be provided by the

Contractor to NASA concurrent with shipment of the simulator to the
facility, and/or at acceptance of the simulator by the Government,

as specified on NASA Form 1106.

8.3 The following data items shall be included in the review data
package: :

A. A complete set of drawings which sets forth the requirements
for fabricatioan, evaluation, inspection, and identification
of the finished simulator, including the computer and
peripheral equipment, as accepted by NASA. This set will
include, but not be limited to:

(D) Interconnection Wiring Diagrams .
(2) 1Interconnection Wire Run Listiﬁgs
(3) Block Diagrams
(4) Unit Schematics
(5) Systems Schématics_'
(6)  Mechanical Drawings
NOTE: The above drawings shall reflect "red-1line" changes and

do not require conformance to standard drawings prac-
tices. These drawings shall be maintained current and




Rev. B 6/22/73 - |  E2-70
Data Package, Review,
Iransfer and Turnover -2~

physically located in an area which is readily
accessible to both Contractor and Government
personnel during acceptance. The drawings, when
shipped to the NASA site, shall contain all "red-
line" changes made during or after checkout, and
may contain those "red-line" changes made prior to
entry into acceptance checkout when updated drawings
are not available.

A list of approved change orders and corresponding scope
changes/ECP's which are applicable to the simulator.

An "as-built" Configuration List (ABCL).

A list of contractual and pending deviations (DR's) applicable
to the simulator.

A list of contractual and pending waivers (WR's) applicable
to the simulator.

Factory checkout tests summary.
List of items noted on DD-250.

List of planned work which the contractor will accompllsh
at the NASA site,.

List of simulator end item kits shipped to the NASA site.

Other data as required by A.2.k of DRD RA-062T, Quallty
Assurance Plan.
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¥

CRL NuMatr -
NATHORAL AERONAUTICS ANO SPACE AOMINISTRATION

MANNED SPACECRAFT CENTER

LINE ITEM NUMBER -«

BATA REQUIREMENT DESCRIPTION . 14
t, TarLE T, NUWSER LS 022'1*
DATA, VENDOR TECHNICAL T
6/22/73
3. USE 5. ORGANTZATON
To provide selected vendor data related to
components within a particular system. §. REFERENCES

7. INTERRELATIONSHIF

{The Center Data Manager (Code ju2) will assign numbers in block 2.)

. PREPARATION INFORMATION

Provide all available information, supplied by the vendor, of value in
maintenance or operation. This information includes operation,
maintenance, cleaning, servicing, and.overhaul instructions. Warranty
conditions and any information that would assist personnel in understand-
ing the equipment shall also be included. Availsble data on spare

parts, repair parts and kits, including recommended quantities and prices
shall also be included.
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DRL NUMBER -
NATIONAL AERQNAUTICS AND SPACE ADMINISTRATION

"MANMED SPACECRAFT CENTER

LENE 1TEM NUMBER -

DATA REQUIREMENT DESCRIPTION ' 15
I, TITLE 2. NUMBER
AGENDA, SPARE PARTS PROVISIONING GUIDANCE ‘4 — 1.5-023T
MEETING 6/22/73

3.

UsSE

To establish a program and order of business for
the Spare Parts Provisioning Guidance Meeting

5, ORGANLZATION

€., REFERENCES

7. INTERRELATIONSHIP

None

(The Center Data Manager (Code Jyq2) will assign numbers in block 2.)

8,

A,

FREPARATION INFORMATION

Contents

The Contractor shall prepare and submit to the NASA Contracting
Officer a proposed agenda for the Spare Parts Provisioning Guidance
Meeting. The agenda shall establish a schedule for the meeting

and outline in general the primary subject to be discussed at the
meeting. Subjects of discussion should include:

1. A time phased schedule of provisioning actions required by the
Government and the Contractor based on program data on deployment
and employment of the end articles for which support is required.
2. The elements of data required in the Spare Parts Provisioning
List and other information that the Contractor is to provide. For
example:

(a) Type of provisioning lists required

(b) Number of copies of provisioning lists to be provided

(¢) Requirements for supplementary prov1sion1ng technical
‘documentation

3. Format and frequency of spares status and funding reports to
be prepared bv the Contractor.

4. Approval procedures that must precede Contractor manufacture
or procurement of the spare parts.

5. Delivery requirements.

6. Stock replenishment procedures.
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Guidance Meeting ~2-

7. Requirements for phased provisioning.
8. Procedures for timely definitization of spare parts order.
9. Extent to which the services of the Contractor are to be

utilized in Property requirements through the Department of
Defense.

Publication Requirements

The agenda may be in letter form. It shall reproduce by an
economical office reproduction method.
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J

DRL NUMBAER -
HATIOMAL AERQNAUTICS AND SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER

LINE ITEM NUMEBER -

DATA REQUIREMENT DESCRIPTION

TITLE

MINUTES, SPARE PARTS PROVISIONING Yo DATE

2, NUMBER

LS=024T

GUIDANCE MEETING 6/22/73

3, {SE

5, ORGANI!IZATION

6. REFERENCES

7. INTERRELATIONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

a.

A.

PREPARATION INFOPMATION

Contents

The Contractor shall prepare the minutes of the Spare Parts
Provisioning Guidance Meeting. The minutes shall document all
pertinent points of discussion including the agreements reached,
problems discussed, possible solutions to these problems, schedules
decided upon, and the responsibilities established at the meeting.
A list of attendees and their affiliation should be included. The
minutes shall be submitted to the NASA Contracting Officer for his
review and approval prior to general dlstrlbutlon to attendees

and other interested parties.

PublicationARequirements

The minutes shall be typewritten and reproduced by an economlcal
offlce reproductlon method.
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NATIONAL MRERQONAUTICS AND SPACE AUMINISTRATION DAL WUMBER -
MABNED SPACECRAFT CENTER
n LINE BTEM Nuwbhea -
) DATA REQUIREHENT DESCRIPTION 17
9
1. TITLE I, NuveER
LS-025T
REPORT, PROVISIONING PROGRAM STATUS TTERTE
6/22/73
3. USE 5. DRGANIZATION
6, REFERENCES
7. INTERRELATIONSHIP
Spare Parts Provision
ing List
{The Center Data Manager (Code JM2) will assign numbers in block 2.)
8, PREPARATION [(NFORMATION
A. gontents

The Provisioning Program Status Report shall be in narrative form,
brief, and include information on the current and forecast
delivery status of spare parts and as appropriate, include
discussion concerning spare parts that are delinquent or forecast
to become delinquent. The status reports shall include:

1. Name and address of the Contractor.
2.. Contract number.

3; Reporting pericd.
4

. Number of line items of spare parts that have been released
by the Government for fabrication and procurement.

5.  Estimated number of line items of spare parts that are
- expected to be released during each subsequent month for the
remainder of the contract period. _
o . : .
6. Identification and quantity of each spare part which is
delinquent or forecast to become delinquent.

7. Reasons for each (line item) spare part being delinquent or
forecast to become delinquent including:

a. A statement describing program iﬁpact resulting from each
spare part delinquency or forecast delinquency.

) b. Contractor's plans and recommended action to alleviate
‘each spare part delinquency or forecast delinquency.
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}
B. Organization of Material

The report may be in letter form. Spare parts which are delinquent
or forecast to become delinquent shall be identified utilizing

the same item number, manufacturer's part number, nomenclature,

and spare parts types as on the Spare Parts Provisioning List

and listed in alphanumerical part number order as follows:

Quantity | Item | Manufacture Spare Parts Type
Delinauent| Number! Part Number| Nomenclature|Pecul. Vend. Std. Bulk

Items forecast to be delinquent shall be identified with an
asterisk (*) in the quantity delinquent column to differentiate
them from those spare parts currently delinquent.

c. Publication Requirements

The status report shall be typewritten and reproduced by an
economical office reproduction method.
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)

DRL NUWBER -
NATIONAL lERONiBTlCS AND SPACE ADMINMESTRATION

- MANNED SPACECRAFT CENTER -
LIKE ITEM NUMBER -

DATA REQUIREMENT DESCRIPTION _ _ 18
t, TiTLE ) 2. NUMBER
2 A
MANUAL, MAINTENANCE - fﬁ 026TA
6/22/73

3. uUst
Provide technical information in sufficient

detail to allow field engineer or maintenance
technician to maintain the equipment.

5, ORGANIZATION

6. REFERENCES

7. INTERRELAT{ONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

8,

8.

PREPARATION INFORMATION

PREPARATION INFORMATION

A Maintenance Manual for the complete simulator will be prepared. The
Maintenance Manual will contain a detailed description of the simulator

and all associated equipment and will be easily comprehended. The
Maintenance Manual will describe the physical and functional characteristics
of the equipment in sufficient detail to enable a field engineer or a main-
tenance technician to maintain the equipment. All safety precautions will

be described in detail. Warnings of procedures that may result in damage
to the equipment or injury to personnel will be included.

Unless specifically required in the contract, the manual shall not cover
maintenance of units that are not an 1ntegra1 operating component of the
basic equipment.

Repair, replacements, adjustments, and calibration data for electronic
equipment shall be limited to that capable of being performed by on-site
personnel using common tools and test equipment, and the specialized

tools and test equipment listed in Section V of the manual.

The contents shall be factual, specific, concise and devoid of nonessentials,
Information in the manual shall not be repeated elsewhere in the manual.
Technical phraseology requiring a specialized knowledge shall be avoided,
except where no other wording will convey the intended meaning.

Nomenclature of items of equipment, though in short descriptive form,
shall be definite enough to insure clear identification. The principal

noun in names of items shall be consistent with those on drawings and shall
be the same throughout the manual. Part numbers shall be held to an
absolute minimum and shall be used only when no other means of positive
identification will suffice.
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PREPARATION INFORMATION (Cont)
The use of abbreviations is discouraged and shall be held to a minimum.

References to other publications shall not be made, except to other
technical manuals on the same equipment. When feasible, where other
information is needed from another publication, the applicable portion
shall be extracted, condensed, and modified, if necessary, for inclusion
in the manual.

Illustrations shall be only those required for supplementing or clarifying
text and shall appear as close as possible to the related text. Lettering
on illustrations shall be easily legible, and parallel lines shall be well
separated. System and schematic type diagrams shall not be included

in the manual. Descriptive text shall reference these diagrams by part
number only.

The Maintenance Manual shall be divided into the following main parts,
arranged in the order shown. Each section shall begin on a right-hand

page.

Table of Contents
List of Illustrations
List of Tables

Introduction
Section I General Description
Section II Installation Data
Section III Theory of Operation
Section IV Maintenance
Section V Refer ence Material

A. Table of contents. - A table of contents for the entire manual shall
precede Section I and shall list section and main paragraph headings with
initial page numbers.

B. List of Illustrations, - A list of illustrations shall follow the Table
of Contents; )

C. List of Tables. - A list of tables shall follow the List of Illustrations.

D. Introduction. - This shall be a brief explanation of the purpose of the
manual, and any relevant information that will be of assistance in the use
of the manual.
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PREPARATION INFORMATION (Cont)

E. Section I, General Description. - This section shall contain:

1. A Figure 1.1, an artist’s conception of the simulator compiex.
2. A description of each major unit of the simulator complex,
F. Section II, Instaliation Data. - This section shall outline the instali-

ation requirements for the simulator complex. Included shall be space,
environment, power and water requirements.

G. Section I, Theory of Operation. - This section shall describe the
theory of operation of the simulator and its simulated systems. Detailed
theory will be presented to cover unusual or new circuit concepts, Stan-
dard circuits such as flip-flop, operational amplifier, etc., shall not be
described except when used in an unusual subsystem configuration. The
material shall be presented to facilitate rapid trouble analysis in the

event of a malfunction. The text shall be supported by simplified diagrams
and block diagrams when needed to clarify system function.

H. Section IV Maintenance. - This section shall be prepared with the
assumption that the assigned maintenance personnel have been trained

in the operational characteristics, physical configuration, capabilities,

and limitations of the simulator. A recommended maintenance program,
including recommended periodic maintenance activities, shall be out-

lined and troubleshooting aids shall be provided. This section shall also
contain the operational checkout procedures to be utilized with the simulator.

I. Section V, Reference Material, - This section shall contain reference
material related to the information and procedures in the preceding sections
of the manual. Included shall be a list of system diagrams, unit allocations,
a list of symbol definitions and abbreviations, a list of all supplier gener-
ated computer programs and recommended tools and special test equipment.

Delivery dates and quantities shall be established by the DRL.
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MANNED SPACECRAFT CENTER

DATA REQUIREXENT DESCRIPTION L.Nzl.ém NUWBER
. TITLE i 2, NUMBER
MANUAL, OPERATIONS 1 MT-009TB-1
4. DATE
6/22/73
. USE 5. ORGANIZATION

Provide operating information in sufficient
detail to allow operating/instructor personnel

to gain a thorough understanding of the : 8. REFERENCES
operational capabilities and limitations of the ‘
equipment.

7. INKTERRELAT{ONSHIP

(The Center Data Manager (Code JY2) will assign numbers in block 2.)

. PREPARAT{ON I(NFORMATI|ON

8. PREPARATION INFORMATION

An Operations Manual containing complete detailed instructions for
operating all equipment which is not part of the crew station shall be
prepared. The Operations Manual shall contain all instructions essential
to provide the operator/instructor with a thorough understanding of
simulator capabilities and control and indicator functions., The contents
shall be factual, specific, concise and devoid of nonessentials. Informa-
tion in the manual shall not be repeated elsewhere in the manual. Tech-~
nical phraseology requiring a specialized knowledge shall be avoided,
except where no other wording will convey the intended meaning.

Nomenclature of items of equipment, though in short description form,
shall be definite enough to insure clear identification. The principal
noun in names of items shall be consistent with those on engineering
drawings and shall be the same throughout the manual. Part numbers
shall be held to an absolute minimum and shall be used 'only when no
other means of identification will suffice.

References to other publications shall be restricted to other technical/
vendor type manuals on the same equipment. Where other information
is needed from another publication, the applicable portion shall be ex-
tracted, condensed, and modified if necessary, for inclusion in the manual,
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PREPARATION INFORMATION (Cont)

Illustrations shall be only those required for supplementing or clarifying
text. Normal operating controls, panels, displays, etc., shall not be
illustrated unless necessary for clarification, i.e. a CRT display related
to a particular training function. When required iilustrations shall appear
as close as possible to the related text. The lettering on figures shall be
legible, and parallel lines shall be well separated.

- The Operations Manual shall be divided into the following main parts,
arranged in the order shown. Each section shall begin on a right-hand

page.

Table of Contents
List of Illustrations
List of Tables

Introduction
Section 1 Description
Section II Simulator Controls
Section Il  Operating Instructions

Section IV Supplementary Data

A. Table of Contents. - A table of contents for the entire manual shall
precede Section I, and shall list section and main paragraph headings
with initial page numbers.

B. List of Illustrations. - A list of illustrations shall follow the Table
of Contents. '

C. List of Tables. - A list of tables shall follow the List of Illustrations.

D. Introduction. - This shall be a brief explanation of the purpose of the
manual, and shall contain any relevant information that will be of assistance
in the use of the manual,

E. Section I, Description, - This section shall contain:
1. A Figure 1-1, an artists conception of the complete simulator
complex.

2. A brief account of the purpose of the equipment, its limitations,
and how, in general, the equipment accomplishes its purpose,
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PREPARATION INFORMATION (Cont)

¥. BSection I, Simulator Controls. - This section shall contain a descrip-
tion of the instructor/operator stations and the training systems and con-
trols which comprise it. A description of the remaining simulation controls
(computer-peripheral, motion system, etc.) shall also be provided. The
function, operation, and interrelation of all controls shall be presented

in tabular form, with the panel items listed from left to right, top to bottom.

G. _S_gction III, Operating Instructions. - This section shall provide basic
operating instructions required to activate and control the simulator cover-
ing the following as applicable:

1. Pre-turn-on and turn-on procedures necessary for application
of power to the simulator.

2. Checks prior to motion activation.
3. Various pre-mission and post-mission procedures.

4. Turn-off procedure for deactivation of the simulator at completion
of a training exercise,

5, Precautions to be observed.

H. Section IV, Supplementary Data. - This section shall contain informa-
tion of a general nature not ordinarily included in Section I through III,
i.e., a complete list of available malfunctions, by system, with their
expected results, shall be provided in this sectlon

Delivery dates and quantities shall be as established by the DRL.
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« TITLE

2, WUMBER

associated with a particular contract.

21
LIST, SPARE PARTS PROVISIONING (SPPL)  S—
LS-028T
1, USE 3. ORGAN!ZATEON
To provide the NASA Contracting Officer with spare
parts selection, revision, price, and delivery datd 6/22/73

€. REFERENCES

7. INTERRELATEONGHIP

(The Center Data Manager (Code JM2} will assign numbers in block 2.)

8.

~/

PREPARAT1ON [INFORMATION

A,

Béckground

1) Five versions of the basic Spare Parts Provisioning List are
required. Each version provides 'the Contracting Officer with
pertinent information related to a particular phase of the
logistics task. The following items are the title os the six
Spare Parts Provisioning Lists.

a) Initial list for spare parts selction.
b) Addendum sheet reflecting design changes
¢) Priced Spare Parts Provisioning List

d) Phased Spare Parts Provisioning List

e) Spare Parts delivery schedule

f) Spare parts ordered (NASA originator)

2) All of the Spare Parts Provisioning Lists are prepared on the
same basic form (Attachment B - this DRD). The data required for
each particular list is defined in subsequent paragraphs. Unless
excepted in the contract, all five versions of the Spare Parts
Provisioning Lists must be forwarded to the Contracting Officer at
fixed times throughout the provisioning task. The same data is

.. required if the spare parts are procured under the baSLc or a

separate contract.

Definitions

1) End Article - A functional entity to be delivered under the
contract which has been selected for the purpose of development and
procurement, such as spacecraft module, flight stage, 1aunch
vehicle or aerospace ground equipment.
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2) Spare Part - An item capable of separate supply and repiacement
which is required for the maintenance, overhaul or repair of the
end article for which it was provisioned.

3) _Peculiar Part - Any spare part which must be produced in
accordance with a special drawing and/or specification (other
than Government or industry assoclation standard); any spare part
requiring flight certification or traceability; standard parts
that must be selectively accepted to criteria different from the
normal standard part requirements.

4) Standard Part - Any spare part which is adequately defined by

a Government or industry association standard drawing and/or
specification, and is normally available from commercial, GSE, and/
or DSA sources. Examples of standard parts and items are commonly
used nuts, bolts, washers, screws, pins, keys, gromets, rivets,
O-rings, clips, fasteners, clamps, fittings, standard electrical
and electronic components. '

5) Bulk Items - Raw materials and semifabricated items (standard
or peculiar) such as: hoses, electrical wire and cables, wire rope,
tubes, sheets, bars, rods, extrusions; adhesives and tapes; and
lubricants, paints, protective coatings, and preservative compounds:

6) Long leadtime Items - Those items, which because of their
complexity of design, complicated manufacturing processes, Or
limited production capacity must be given preference treatment
in order to assure timely delivery.

7) Spare Parts Provisioning List - The document which lists required

spare parts.

8) Spare Parts Order - A Spare Parts Provisioning List which has
been approved by the NASA Contracting Officer and released to the
Contractoxr for fabrication or procurement.

9) Supplementary Provisioning Technical Documentation - Includes

assembly and detail drawings, illustrations, sketches for spare
parts.

10) Vendor Items - All items which are used in or attached to the
article produced by the Contractor under contract to NASA; which

are procured by the Contractor in the open market or from established
sources; and for which the contractor is not the design activity.
(This definition excludes standard parts and bulk materials.)
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11) ?héSeq Provisioning - A management refinement to the
provisioning process whereby procurement of selected items is
deferred until design becomes stabilized or in-service usage
experience is gained.

C. Contents

$pare Parts Provisioning Lists shall be prepared on the form shown
in Attachment B. The following instructions apply to the twenty-
seven blocks of Attachment B. Following these instructions is &

Matrix,.Attachment A, indicating which blocks must be completed for
the various provisioning lists. :

Instruction
Check the appropriate block to identify the
purpose of the Spare Parts Provisioning List.
Use only for revision after an initial issue.

Block Number Title
1 Type of List

e W]

10

Revision

Date
Item Number

Nomenclature

Spare Part Type

Federal Stock
Number

Prime
Coutractor's
Part Number
Manufacturer's
Part Number

Federal
Manufacturer's
Code

The first revision is Revision A.

Enter theo date of preparation of the Spare

Parts Provisioning List.
Item nunbers shall be assigned in consecutive
sequence by the contractor to each spare part
released or listed. A number once assigned to
an item will not be reassigned to another item in
later revisions. 1In the event it is necessary to
resubmit an item, the contractor shall use the
number originally assigned to that item and make
appropriate reference to the revision under which
it was originally submitted.
Enter the nomenclature assigned to each spare
part. Only the noun name may be abbreviated.
Check the appropriate column to indicate if
the spare part is a peculiar, vendor, standard
or bulk type. Use the definitions in this DRD.
Enter the eleven digit Federal Stock Number
(FSN), if assigned. 1If no number is assigned.
leave blank.
Enter the part number assigned by the prime
contractor if different from the manufacturer's
part number; otherwise, leave blank.
Enter the part number assigned by the manu-
facturer who supplied the item (or a typical
manufacturer in the case of two or more
sources of the same line item). If the line
item is identified by a Government or Industry
association specification, this number is pre-
ferred and should be inserted in the block.
The code entered in this bleck identifies the
manufacturer (or typical manufacturer) of the
line item. The code number entered in this
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block will correspond to the name of the manu-
facturer whose part number is shown in

Block 9. Codes used are taken from Federal
Cataloging Handbook H4~1 and H4-2.

11 Next Higher Enter the prime contractor's part number of
Assembly or next higher assembly, or the equipment
Equipment number for which the part is used.

Application ' _
iz Quantity per Enter the total quantity of each part used in
. Assembly the next higher assembly

12 Quantity per Enter the total quantity of each part used in the
End Item end item.

14 Total Spares Enter the total quantity of the spare parts re-
Quantity recommended by the contractor for procure-
Recommended/ ment, when shownoon the initial SPPL. When
Ordered the SPPL is used as a Spare Parts Order, the

quantity shown will reference the actual pro-
curencnt quantity.

15 Unit Price Enter the estimated or actual selling price
at the time the STPPL is submitted to the
Government.

16 Extended Unit Enter total price of the item determined by
Price multiplying the quantity in Block 14 by the
: unit price in Block 15.
17 Control .Enter a code "C" for a controlled item and a

code "N for a non-controlled item. A con-
trolled item is one which is essential to com-
pletion of the mission (critical to launch}.
18 Interim Release Check the "yes" block if the part has been re~
leased for fabrication or procurement under
interim release provisions. Check the "no"
block if interim release action has not been

taken.
19 Government Check "Recommended" columm if contractor re-
Furnished commends that the spare part be furnished as

" Property (GFP) GFP. The Government will check the "Acceptance"
column in advising the contractor of those
instances where the Government will provide the
spare parts as GFP,

20 Lead Time Enter the time, in months, between placing an

i '~ order for the item and receipt (or delivery)
of the item. This entry is not required for
bulk and standard items.

21 Need Date Enter "need on site" date in month and year

C {assume the day to be the first day of the
month). A separate need date will be shown
if there is more than one site and the need
dates for each site differ.

22 Allocation The contractor shall use a separate line or
column for each location schedule to receive
the spare part(s). Enter the quantity of spare
parts recommended for each site. The total
guantity in Block 22 shall equal the total shown
in Block 14.. There shall be a direct correla-
ticn between the need dates shown in Column 18
and the allocations shown in Column 19.
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23 Remarks Use as requircd. May be used to reflect
' additional data decmed necessary by NASA or
contractor activities. For example, identifi-~
cation of those spare parts which are of high
dollar value and should be controlled upon
entry into the spare parts inventory.

24 Contractor Insert as appropriate.

25 End Item Being Insert name that has been furnished by the
Provisioned Government for the end item being provisioncd.

26 Contract Number Enter as appropriate,

27 Exhibit - For use by the NASA Contracting Officer in

Identification identifying the exhibit.

D. Changes or Revisions

Changes or revisions to any provisioning list shall be in the form
of addendum sheets. A cover sheet shall accompany the addendum
sheets to describe the reasons for the changes.
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HATIONAL AERDHAUTICS AND SPACE AOMINISTAATION R numstR
MANNED SPALCECRAFT CENTER AT IR I
DATA REQUIRENENT DESCRIPTION "%
f. TITLE 2, NUMéER
- . . .- vE_
REPORTS, ENGINEERING DESIGN o O ITA
| 6/22/13

3, UsE 5. ORGANTZATION

Provide information necessary to NASA personnel

B, REFEREMCES

for design review preparation (PDR, CDR)

7., INTERRELATIONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

B. PREPARATION INFORMATION

Design Reports - The Contractor shall furnish an overall design report

that provides a detailed technical description of the equipment to be

provided in meeting the End Item Specification requirements. This report

shall assemble into one document preliminary calculation study results,

trade-offs, assumptions, safety, and reliability considerations that lead

to the design approach selected. It shall further contain necessary

}:nuwea and charts for clarity and completeness as well as significant
information with regard to test results. This report is not intended

to replace the detailed requirements of individual paragraphs of the

End Item Specification; instead, it should abstract all information

of major importance and compile it into a composite report clearly

indicating an understanding of the total design problem and its solution.

Appropriate reference to the data book may be included.
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GRL NUMBER -
NATIOMAL AERQNAUTLICS ANO SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER

LINE 1TEM NUWARER -~

DATA REQUIREMENT DESCRIPTION

1

« TITLE

PACKAGE, MODIFICATION DATA s

2. NUMBER

SE~080T

3.
For preparation and processing of all modification
packages authorized by the Contracting Officer.

USE

5. QRGaAN!Zalion

6, REFERENCES

7. INTERRELATIONSHIP

(The Ceniter Data Manager (Code JM2) will assign numbers in block 2.)

8. PREPARATION f{NFORMATION

A.

A Modification Data Package (kit) includes all the engineering data,
instructions and/or parts necessary to accomplish alterations,
modifications to equipment, system, or facilities. The modification
data package shall contain applicable parts of the following:

1. Modification Instruction (MI)

Engineering Change Proposal (ECP) Number.

Description of the system.

Complex and/or site.

Drawings/revisions,

A list of all Speciflcation numbers and serial numbers
affected by the ECP.

f. A list of all modification drawings, by identificatlon
number, required to perform the change. -

g. A list of any associated MI that requires installation
in conjunction with, or prior to, the subject MI.

h. Special instructions, such as quality requirements,
inspections, tests, etc. Operator and Maintenance
instruction sheets will be provided to cover new work
modification and operations, etc. These sheets will be
of such a format that they may be inserted into DRL Line
Items 18 and 19.

i. Modification kit delivery data (where and when).

. 3. ECP review and evaluation.

L] - *

Tonoob

-
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2. Parts List (PL)

a. A list of the hardware items required.

b. A list of any system level drawings affected by the
modification, including schematic diagrams, cable
drawings, etc.

¢. A list of the modification nameplates required.

d. Next higher assembly.

3. Modification drawings and specifications.
4. Special installation instructions.

5. Installation Notice Card (INC).
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DRt NUMBER -
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NANNED SPACECRAFY CENTER
BATA REGUIREMENT DESCRIPTION

LINE BTEM MUMBEAR -

2. NUMBER

SE-082TA

L, TITLE

DRAWINGS AND ASSOCIATED LISTS (FORM 2)

4, DATE

6/22/73

3, UYSE . ORGANIZATION

To provide Form 2 drawings of the end item

6. HEFERENCES

7. INYERRELATIONSHIP

(The Center Data Manager (Code jM2) will assign numbers in block 2.)

. PREPARATION INFORMATION

8 1 This DRD establishes the requirements for the preparation or
revision of all (Form 2) drawings, diagrams, and associated lists used
in the design, manufacture, test procurement, 1nstallation, operation,
and verification of equipment or facilities.

The Contract shall prepare and submit drawings, diagrams, and
associated lists of all Form 2 engineering data developed as a result of
the contract to which this data item has been made applieable.

8.2 New drawings and associated lists shall be prepared in accordance
with Specification MIL-D-1000 and cognizant Center applicable documents
referenced therein. The options permitted in Specification MIL-D-1000
shall be exercised at the discretion of the contractor unless otherwise
specified herein. Requirements of Exhibits X and XI of NPC 500-1 shall
be effective and applicable as contractually required. _

8.3 Exisfing Engineering Data

Existing engineering data and revisions thereof that are to be’
furnished to the Government that conform with provisions outiined shall
be presented for Government inspection. If provisions outlined are
not met, the engineering data shall be redrawn.

Existing engineering data to be furnished to the Government shall
not be redrawn to meet Specification MIL-D-1000 provided the data con-
forms with all of the following: (i) prepared prior to the date of the
invitation to bid. request for proposal, or purchase order, (ii) contains
engineering definition adequate to meet the purpose for which the data
are required and contain the requirements of psragraphs (and subpara-
graphs) 3.3 and 3.5 of Specification MIL-D-1000, (iii) defines symbols
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and abbreviations which do not conform to military standards. (Such
definitions may be on the drawings or in a referenced document which
is furnished with the drawings), and (iv) provides microfilm that meet
the legibility requirements of Specification MIL-M-9868.

8.4 Redrawn Engineering Data

When a Contractor redraws engineering data for any reason,
the engineering data shall be considered as new and redrawn in accordance
with Specification MIL-D-1000.

8.5 Interchangeability Marking (MTL-I-8500)

Engineering drawings for component parts, which are furnished to
the Government, shall be marked to indicate the approved interchange-
ability or replaceability status. The engineering drawings to be marked
shall be limited to those parts required by Specification MIL-I1-8500 to
be listed in the interchangeability and replaceability working list.
New part numbers shall be assigned to identify parts which change status,
i.e., configuration of items is improved to higher degree of replaceability
or from replaceable to interchangeable.

8.6 Design Engineering Data

A Contractor authorized to make Class I changes to hardware being
manufactured from engineering data of another design activity, shall
prepare new design activity engineering data covering such changes.
Contractors shall prepare new design activity engineering data delineating
Class II changes which affect technical adequacy of other design activity
engineering data which were furnished. All new engineering data shall be
prepared under the same terms and conditions as other engineering data
required by this document and affix a note thereon which identifies the
engineering data that were replaced, i.e., "This drawing supersedes
drawing number manufacturer's code ". (Refer to

NHB 8040.2 for Class 1 and II changes)

8.7 Tube Bend Drawings

Tube bend drawings shall be prepared in accordance with
Specification MIL-D-9898.

8§.8 Call-outs on Engineering Drawings .

Technical Directives and catalogs'may be referenced on kit,
modification, tool, and equipment drawings to illustrate or identify
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parts of the end item. Contractors shall not prepare, for submission to
the Government, drawings for items of supply that are covered by Government
or nationally recognized societies or association data. The Contractor
shall identify those documents by use of the established identification
number assigned by the society association or Government activity.

8.9 Revisions of Data

When data items call for continuous updating to maintain assets
current, the following shall apply:

a, Contractors shall record such drawing revisions in accordance
with MIL-STD-100.

b. Contractors shall assure that all Class I changes (defined
in NHB 8040.2) are delineated on engineering data within 30 working
days after the change has been approved, or not later than concurrent
with delivery of the hardware incorporating the change. The occurrence
of changes resulting from hazards to personnel or equipment shall be
delineated on drawings within 72 hours. Class II changes shall be
delineated on drawings when Class 1 changes are incorporated, or when
five Class I1 changes exist against any one piece of data at any one
time. Such Class II changes shall be incorporated within 90 days. Upon
termination of the contract, all engineering changes shall be depicted
on drawings to show the last configuration.

8.10 The reproduction, distribution, and frequency of submittal of
these drawings and lists shall be as specified on NASA Form 1106,
Document Requirements List (DRL). ;
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|

NATIONAL AERONAUTICS AND SPACE AQMINISTRATION
HMANNED SPACECRAFT CENTER

DATA REQUIREKENT DESCRIPTION

LRI NUMBER -

LINE FTEM NUMBLR -

26
fooTITLE 2. NUMBER )
E-
DRAWING INDEX ____ SE-083T
6/22/73

3

. USE

Aid NASA in understanding and utiliziﬁg simulator’
drawings.

5. DRGANTZATION

f. REFERENCES

?. ({NTERRELAT| ONSHYF

(The Center Data Manager (Code M2y wifl assign numbers in block 2.)

5,

PREPARATION INFORMATION

8.1 An index of all drawings and specifications required for the
complete end item will be provided. The index will include an explana-
tion of the drawing numbering system used so that any drawing can be

located when the drawing number is unknown.

o o <
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DRL NUMBER -
MATIONAL AERONAUTICS AND SPACE AOMINISTRATION

MANNED SPACECRAFT CENWTER

LINE TTEM NUMBER -

DATA REQUIREMENT DESCRIPTION 27
. TITLE 2, WUMBER .
PLAN, CONFIGURATION MANAGEMENT ‘ CM-Q17TB
. 4, DATE
6/22/73
. USE S5, ORGAN'ZIATION

To outline the Contractors planned method of

assuring proper configuration identification, e
control, documentation and accounting durlng the
contractual period.

7. INTERRELATIOGNSHIP

Program Plan

{The Center Data Manager (Code JM2) will assign numbers in block 2.)

. PREPARATLION |INFORMATION

8.1 Scope

The plan shall prescribe the planned management system to be
implemented and methods to be utilized for configuration identification,
change control, documentation and accounting. Special emphasis shall
be given to methods to be utilized for specification maintenance.

8.2 Content
The plan shall includes, as a minimum:

1) A specification of the minimum requirements of the
management system.

2) A description of the management system.
3) A format for the End Item Detail Specificatioﬁ.

4) A specification maintenance plan including at least the
- - following:

a) . Specification configuration control ‘procedures
b) Specification change procedures
c) Specificatien change notice format

d) Specification change log format
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'5) A description of at least the following:

a)
b)
¢)
d)

e)

Engineering change proposals procedure (ECP)
Identification of and acceptance plan for ECP's
Standérd configuration identification numbers
Configuration Management reviews.

Interface Control Document revision procedures.

Reference shall be made to the Apollo configuration management
manual NHB 8040.2 Exhibits, as applicable but the exhibits shall not
be included or appended to the plan. NHB 8040.2 is to be used as a
guide only and its provisions are not binding. Actual insertion of
changes shall be in accordance with DRD DMOO3TA.
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5

: GRL NUMBER -
NATIONLL AEROMAUTICS AND SPACE ADMIWISTRATION

MANNED SPACECRAFT CENTER
DATA REQUIREMENT DESCRUIPTION

LINE ITEM NUMPER -

28
t, TiTLE 2, NUMBE#H CM-OLSTA
NOTICE, SPECIFICATION CHANGE (SCN) | S— -
6/22/73
3, USE 5, QRGANIZATION
To record exact changes to all approved
specifications and other contractual documents. T TFIRERLTE

7. INTERRELATIONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

}

8.

PREPARAT ION INFOAMATLION

8.1 Séer

This Data Requirement Description (DRD) establishes the require-

ments for the preparation of Specification Change Notices (SCN's)

recording exact changes to approved specifications and other contractual
documents. In addition, each Engineering Change Proposal (ECP) which
changes the established baseline shall delineate the affect of the
change on the affected specifications and shall have an SCN enclosed
with it. ' -

8.2 Content

The SCN shall reflect the change to the specification that will
result if the ECP is approved. The attached format "Exhibit A" or
equivalent shall be utilized by the Contractor for submittal of all
SCN's. The SCN shall be assigned a number in accordance with the
following instructions: :

~A. The SCHN shall contain a sequence number and page number of
' the specification affected by the change.
B. The sequence number shall be assigned serially 1 through 99.
The sequence starts with number one for the first SCN
prepared against each specification.

8.3 Distribution and Revisions
SCN's shallnot be distributed to other activities on the specifi-

cation distribution list until the SCN has been approved by the procuring
agency. Errata changes of a minor nature (e.g., correction of typo-

| graphical errors, punctuation, etc.) shall be assembled and submitted
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Notice, Specification

Change (SCN) . -2-

' .
with the next technically required ECP and SCN. Errors in specified

dimensions, parameters, tolerdnces, etc., shall not be classified as
errata changes, and shall require approval of the procuring agency.
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recification Change .
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DAL NUMBER -
NATIONAL RERONAUTILS AMD SPACE AOMINISTRATION

" MAKNEQD SPACECRAFT CENTER

LINE NTEM SUMBER -

OATA REQUIREMENT OESCRIPTION | 29
. TITLE _ 2., NUMBER
LOG, SPECIFICATION CHANGE — CM-019TA
6/22/73

3, use 5., QRGANTZATION

To formally record contractually authorized SCN's

6. REFERENLZES

to an approved revision of the specification.

T. INTERRELATIONSHIP

{The Center Data Manager (Code JM2} will assign numbers in block 2.)

&, PREPARATION INFORMATIDN
8.1 Scope

This Data Requirement Description (DRD) establishes the
requirements for the preparation of a log of the Specification Change
Notices (SCN's). The Specification Change Log shall be attached to the
article or item specification following the title page.

, 8.2 Content

The Specification Change Log (See sample form "Exhibit A") shall
provide a cross-referencé of the SCN number to applicable ECP Number,
specification pages affected, and end item affected. The Specification
Change Log shall reference all ECP's.

i

8.3 Eormat

The attached format, page 2, or equivalant shall be utilized.
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NATIONAL REROHAUTLCS ANO SPACE ADMINISTRATION

{ DRL NUMBER -

. MANNED SPACECRAFT CENTER —
DATA REQUIREMENT DESCRIPTION : 30

t, TITLE 2. NUMBER

CM-020TA

PROPOSAL, ENGINEERING CHANGE (ECP) et

Lo Lk

. use TO defifie a4 proposed engineering change and |5. oromizathi L]t
present a complete package of engineering and cost

data, engineering feasibility, and schedule impact
supporting the change request

6. REFERENCES

7. INTEERELATl ()N‘S.Hl P
Configuration
Management Plan

(The Center Data Manager (Code M2y will assjign numbers in block 2.)

8. PREPARAT{ON INFORMATLON
8.1 Scope

This Data Requ1rement Description establishes the requirements
for the preparation of ECP's in accordance with the contractual

configuration management requirements providing coverage for contract
end items of equipment.

‘-8.2 Content
The content, format, and revision requirements shall be as
a minimm, the ECP shall contain:

A. A description of the change and how and where it is to be
incorporated.

B. End item affected.

€. . Associated engineering data,

D. Associated cost data. | 'e 
E. Explanation of engineering feasibility.
F. Schedule impact.

G. ECP identification number. -

presented in the Contractor's approved Configuration Management Plan..

As
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NATIONAL AERGNADRYIES AND SPACE ADMIKISTRATION
HAGNED SPACECRAFT CENTER

DATA REQUIREHENT DESCRIPTION

DRL NUMBER -

LINE 1TEM NUVBER -

31

]

« TITLE

Manual, Programmers Reference

2, NUMBER

TBD

4, DATE

12/22/72

3,

USE

Tc serve as a training tool to-.enable NASA
Software Modifications after Acceptance.

5. ORGANIZATION

6, REFERENCES

Paragraph 6.4.1 of
the Specification

7, INTERRELATIONSHIP

{The Center Data Manager (Code JM2) will assidn numbers in block 2.)

8.1 Scope

This document shall define the software design conventions,
procedures, debugging and documentation requirements utilized in the
design and test of the SMS to the extent that NASA shall be able to

PREPARATION INFGRMATION

modify and maintain the delivered software after acceptance.

8.2 Content

The manual will contain a description and where appropriate
examples of the software design philosophy procedures and conventions
which were used and are required to modify the SMS.
following topics shall be described.

WO WN =

L]

Program Structure

Data Base Management

Coding Conventions

Debug Procedures

Test Standards and Drivers
Software Configuration Control
Documentation Requirements
Integration Procedures
Catalogued Procedures

At a minimum the

MsC Farm 2341 (Nov 71) ;

"NASA — MS5C
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' MATIONAL AERONAUTICS AND SPACE ADMINISTRATION BRL NUMBER -
" WMANNED SPACECRAFT CENTER e
BATA REQUIREMENT DESCRIPTION ' 392
Tt TiTLE . i 2., NUMBER
' CM=-02
| Interface Control Document (ICD) L _ T DA 022TA
' . ] 12/22/72
3. USE 5. ORGANJZATFON

Establish a means for defining and controlling
interface requirements. : :

6, REFEREMCES

7. INTERRELATIONSHEF

{The Center Data Manager (Code JM}) will asstgn numbers in bleck 2.)

8. PREPARATION INFORMATLION

8.0 Scope

This Data Requirement Description (DRD) establishes the requirements
for preparation of Interface Control Documents (ICD's) which will define
the physical and functional interfaces between ‘the simulator and confunc-
tioning equipment.

8.1 Definition

An Interface Control Document (ICD) depicts physical and functional
interface engineering requirements of a subsystem which affect the design
| or operation of cofunctioning subsystems. These documents are used as

design control document, delineating subsystem interface engineering

data coordinated for purposes of: (a) establishing and maintaining
compatibility between cofunctioning subsystems; (b) controlling interface
designs thereby preventing changes to system requirements which would
affect compatibility with cofunctioning systems; (c)communicating design
decisions and changes to participating activities.

8.2 References
Source of Requirements ‘

(1) MIL-D-1000 drawings, engineering and associated lists
(2) MIL-STD-100 engineering drawing practices
{3) NASA approved contractors drafiing manuals.

8.3 Brief of Requirement

: A. Interface Control Documents shall be prepared in accordance with
the requirements of MIL-D-1000.

Msc Form 2341 (Nov 71} - . - NASA — MSC



12/22/72 E2-102
ev., A 3/23/
%ﬁgérPécéjéééééol Document (ICD)
-2-.

B. 1ICD's shall delineate, as applicable, (a) configuration and
interface dimensional data applicable to the envelope, mounting and
mating of the subsystem; (b) complete interface engineering requirements,
such as software, mechanical, electrical/electronic, hydraulic, pneumatic,
optical, etc.; and (¢} any other characteristics which cannot be changed
without affecting the system design criteria.

C. ICD's shall be limited to interfaces affecting the prime
contractors and the cognizant contracting agency.

8.4 Approval

ICD's are coordinated with all activities affected by the interface
requirements and submitted to the cognizant government agency for
appropriate action.

8.5 Schedule

ICD's are prepared and negotiated prior to the start of detail
design drawings (CDR) so that controlled interface features will be
incorporated into the design drawings. '

8.6 Method of Revision

A. ICD's are revised by incorporating the changes into the vellum
master .

B. Revisions are identified by an alpha change letter.

8.7 Requirements

The ICD's required shall include, but are not necessarily
limited to, the following:

(1) Physical requirements
(a) Physical layout
(b) Floor loading/vibration limits
(¢) Air Conditioning

(2) Power requirements

(a) Main power interconnect
(b) Power loading '



12/22/72

Rev. A 3/23/73

Rev. B 6/22/73 E2' -103

Interface Control Document (ICD)

-3

(3)

(4)
(3)
(6)
)
(8)
(9)

Equipment requirements

(a) Central timing equipment SMS/MCC
Trajectory data link SMS/MCC
Digital.Command System SMS/MCC
Telemetry SMS/MCC

Voice Cormunications SMS/MCC

Shuttle GFP Support

Reset Generator Parameters
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DRy KRUMBER -
MATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER
LINE ITEM NUMBER -

DATA REQUIREMENT DESCRIPTION 13

1. TITLE C T, NUMBER

NOTICE, INTERFACE REVISION (IRN) CM-023T

T 6722773

v

3, USE . GRGANTZATICON

To inform NASA of proposed changes to the

Interface Contreol Document (ICD) . REFERENCES

7. INTERRELAT§CGNSHIP

(The Center Data Manager (Code yM2) will assign numbers in block 2.)

2, PREPARATION INFORMATION
8.1 Scope

This Data Requirement Description establishes the requirement
for the preparation of an Interface Revision Notice (IRN) to be
submitted to the Contracting Officer for approval before any change
of the Interface Controel Document (ICD) is made.
8.2 Content

This notice shall contain, as a minimum:

1. Complete description of the change to be made.

2. Complete explanation of the reasons for makiné the changes.
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KATIONAL AERONAYTILS AND SPACE ADMINISTRATION GRL NUMBER -
EALANE] SPACEICRAFT CENTER .
b OATA REQUIREHENT OESCRIPTION bINE e "”;Z:R ]
t. TITLE 2, NUMBER
: SE~084TA
DATA BOOK TR
6/22/73

3. USE 5, QRGANYZATION

Definition of simulator data baseline.

6, REFERENCES

7. INTERRELATIONSHIP

DRD DMOO3TA,
DRI, Line Jtem 2

{The Center Data Manager (Code M2y will assign numbers in block 2.)

B, PREPARATION |NFORMATION

8.1 Definition

" The Data Book is a Contractor's Engineering Document identifying
a detail data base for design developmént of a simulator in compliance
with the overall system requlrements established by the Slmulator
Specification.

8.2 Brief of Requirements

The Data Book shall include a tabular listing of documents
which represent the simulator design base. Type of documentation lists
shall include: : '

A, Spacecraft Configuration Documents (including Tevision levels)

B. Mission Descriptive Documents |

C. GFE Descriptive Documents

it sBall also include statements of simplifying assumptions made,
based on the above list, which formed the design requirements. These

assumptions shall also include those mutually agreed to in those cases
where approved configuration data does not exist.

8.3 Method of Revision

Changes are made by revision on a page-by-page basis identified
by change letter and date of change. (Ref. DMO03TA)
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J NATIONAL AERONAUTICS AND SPACE ADMINISTRATION DAL NUMBER -
MANNED SPACECRAFT CENTER R TTR AT TN
OATA REQUIREMENT DESCRIPTION 35
2. NUMBER
1, TITLE . uh&‘\_‘)eigtria
PLAN, PRELIMINARY DESIGN REVIEW T EATE
6/22/73

3, USE %, ORGANIZATION

To provide the procuring activity with the

Contractor's plans for conductlng preliminary
design reviews.

€, REFERENGES

7. INTERWELATIONSHIP

(The Center Data Manager (Code yM2) will assign numbers in block 2.)

8, PREPARATION INFORMATIQON

This Data Requirement Description (DRD) establishes the requirements for
the preparation of a Preliminary Design Review Plan.

The plan shall describe the Contractor's procedﬁres for conducting
the review and presenting the data which relate to the general
F engineering approach for the item under review.

If the PDR is to be conducted in increments, the PDR plan shall
provide the schedule of each incremental review and be revised, as
necessary, to provide a current overall PDR plan.

Safety will be considered as an item during the review.
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BRL NUMBER -

- WAKHED SPACECRAFT CENTER

, RATICNAL AEADNAUTICS AND SPACE AOMINISTRATION

LINE 1TEM NUMBER -

DATA REQUIREMENT DESCRIPTION

te TITLE 2. NUMBER 36
PLAN, CRITICAL DESIGN REVIEW — MA-070TA
‘ ' 6/22/73
3, ust 5. ORGANTZATION

6, REFERENCES

7. INTERRELATIONSHIP

{The Center Data Manager (Code JM2) will assign numbers in bloeck 2.)

8, PREPARAT|ON INFORMATIQN

This Data Requirement Description (DRD) establishes the requirements
for the preparation of a Critical Design Review Plan.

' The plan shall describe the Contractor's procedures for conducting
the review and presenting the data which relate to the detail design
and performance characteristics of the item under review.

If the CDR is to be conducted in increments, the CDR plan shall provide
the schedule for each incremental review and be revised, as necessary,
to provide a current overall CDR plan. :

Safety will be considered as an item during this review.
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‘ HATEONAL REROQNAUTICS AND SPACE AOMINISTRATION DAL NUMBER -
. MANNED SPACECRAFT CENTER i TR
BATA REQUIREHENT CESCRIPTION _ ' T 37
1. TITLE . . 2. NUMBER
Facility Modification Requirements . TED
. . : 4, DATE
12/22/72
3, UsE S5, ORGANIZATION

To define the modifications required to
~Building 5.

6, REFERENCES
paragraph 2.2.1.1
pf the Specification.

7. INTERRELATIONSHIP

{The Center Data Manager (Code JM2) will assign numbers in block 2.)

8. PREPARATION TNFORMATIGN

8.1 Scope

This doéument shall be used as the basis for defining the NASA
provided modifications to Bldg. 5 at MSC to accommodate the SMS.

8.2‘ Content

The document shall describe the archictectural, mechanical, and
electrical modifications required to accommodate the proposed design
of the SMS into Bldg. 5. The requirements of the modifications shall be
specified in sufficient detail to enable NASA to issue a statement of
work to another contractor to accomplish the modifications.

HSC Form 2341 {Novy T1) ] NASA — MSC
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NATIONAL AEROMAUTICS AND SPACE AONINISTRATION DR NUMBER
7 MANHED SPACECRAFT CENTER ’ TR
9 BATA REQUIREMENT DESCRIPTION 38
1, TITLE | 2, RUMBE®
PLAN, START OF ACCEPTANCE TESTING REVIEW . MATO72TA
' 6/22/73

3. 4158 5, DRGANTZATION

To provide thie procuring activity with the

Contractor's plan for conducting Start of AT
Acceptance Testing Review.
|.

7. ENTERRELATLONSHIP

(The Center Data Manager (Code JM2) will assign numbers in block 2.)

8, PREPARATION INFORMATION

This Data Requirements Description (DRD) establisheé the requirements for
the preparation of a Start of Acceptance Testing Review (SATR) Plan.

The plan shall describe the Contractor's procedures for conducting
the review and presenting the data which relate to the detail design
: and performance characteristics of the item under review.

- The SATR will be conducted at JSC and will determine the readiness of
the simulator for Start of Final Acceptance Testing.

L MRl dy LR . . coe . LR T C oL e
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)

PREL NUMBER «
RATIONAL AERONAUTICS ANC SPACE ADMINISTRATION

MANNED SPACECRAFT CENTER
LAKE ITEM NUMDER

DATA REQUIREMENT DESCRIPTION . -39
‘f TITLE - . . . 2, MUMBER
REPORT, DESIGN REVIEW SUMMARY ‘ o CMr024TA
‘ ' | * - 6/22/73

3.

USE 5. GAGANIZATICON

To provide the results of actions taken at Design
Review and to identify problem areas requiring NASA

attentlon, tracklng, or action. 6. REFERENCES

7. INTERRELATIONSHIP

See DRL Line
35 thru 38.

Items

(The Center Data Managder (Code JM2) will assign numbers in block 2.)

PREPARATION [NFDRMATION

This Data Requirement Description establishes the_requirement for

preparation of design review summaries covering each Design Review.

(PDR, CDR, SATR)

The Design Review Summary Réport shall be prepared following'each design

review and shall, in general, consist of the following:
(1) Title Page_

a) Document control number
b) Title

c) Contract number

d) Approval signatures

e) Report date

(2) Table of Contents
(3) General Summary of Design Review

a) Scope - brief description of the design review
b) List of attendees and participants
c) Agenda (original and revisions) v

(4) Design Requirements and Criteria (List of applicable
reference data)

a) System Drawings

b) Interface Control Data ’

c) System Specifications

d) Data Book Pages or Support Equipment Design Requlrements
e) Correlation Drawings/Data

£) Parameters Document

M50 Form 2341 (Nov 7t)
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